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ABSTRACT 
Increasing concern over the Eatih's climate with respect to global warming and green 
house gas (GHG) emissions has resulted in the undetiaking of projects to both reduce Carbon 
Dioxide (C02) emissions and sequester C02 from the atmosphere. Projects are established 
for the purposes of generating carbon offsets measured in tonnes of C02 equivalents -
mtC02e. Offsets are traded in various regulated and unregulated markets to fulfill emission 
reduction obligations and meet corporate social responsibility objectives. Forest Carbon 
Projects in the form of Afforestation and Reforestation (NR) are recognized as a preferred 
and viable option for sequestering carbon and generating offsets. This study assesses the 
viability of undertaldng such projects on private lands within the Prince George Timber 
Supply Area. A qualitative review of the criterion tlu·ough which NR projects are 
established, including additionality, permanence, leakage, co-benefits and standards, was 
conducted to determine the applicability of pursuing projects on private land. A quantitative 
analysis was performed to determine the financial feasibility of forest carbon projects. Using 
TIPSY (a tree growth simulation model) sites of various productivities (Site Index values of 
24, 21 , 18, and 12) were modeled to grow stands of trees for the purposes of maximizing 
volume of timber, lumber production, and subsequent offset generation. Using industly 
(Canadian Forest Products Ltd. - Canfor) and government (British Columbia Ministry of 
Forests and Range - BCMFR) costing information for forest stand establishment and 
maintenance, and four year average market pricing for offsets in the Over-the-Counter 
market, Internal Rate of Return (IRR) and Net Present Value (NPV) calculations were 
performed. Only tlu·ee out of sixteen scenarios that were modeled indicated positive rates of 
return, and these returns were consistently low ranging from 0.27% - 0.51% over 57 - 110 
years. Using discount rates of 5% and 10% none of the scenarios modeled indicated a 
positive NPV. Overall, we conclude that forest carbon projects on private land are not 
restricted by any qualitative criterion, but are not financially viable given current costing and 
offset pricing regimes . 
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Chapter 1 
Introduction 
The increasing concern over the Earth's climate with respect to global warming and 
greenhouse gas (GHG) emissions led to the formation of the United Nations Framework 
Convention on Climate Change (UNFCCC) in 1992. With a specific mandate to develop 
strategies aimed at both reducing emissions and potential re-capturing of those let to the 
atmosphere, the 1997 Kyoto Protocol was ratified. This agreement resulted in an 
international legally binding agreement under which 180 industrialized countries agreed to 
reduce their collective greenhouse gas emissions to a level 5.4% below their 1990 emissions 
levels by 2012 (Hamilton et al., 2008). The Kyoto objectives of reduction could be 
accomplished not only tluough control measures that physically reduced the volume of 
emissions, but also tluough absorption/sequestration mechanisms that remove the gases fi·om 
the atmosphere. 
In order to systematically track and communicate em1ss1on volumes, a consistent 
measurement was required. With roughly 72% of GHGs being made up of carbon dioxide, 
and elemental carbon being a component of every living thing, carbon was used as the basis 
of measurement. The international standard that was established and readily adopted for 
quantifying emissions was MtC02e - Metric Tmme Carbon Dioxide Equivalent. While an 
MtC02e is equal to 1000 kilograms of C02 emissions, the actual carbon content is equal to 
272 .5 kilograms (molecular weight of the carbon component relative to the oxygen 
component) (mtC02e.com, 2008). The international measurement unit for carbon is the 
mega gram (Mg) . A Mg is equivalent to 1000 kilograms or 1 tonne of carbon and 3.6667 
MtC02e. In the context of emissions measurements, the terms C02 emissions, carbon 
emissions, carbon dioxide emissions and greenhouse gas (GHG) are all used synonymously. 
With Kyoto serving as a regulation to monitor emissions and oblige countries to reduce 
their output, and a general trend towards global environmental responsibility, the form of 
'carbon' that a counhy held began to have a value. Tlu·ough either regulated or voluntary 
mechanisms, countries pursuing the reduction of emissions would have to do so at a cost. 
The question began to be asked: "What is the value of an MtC02e?" The answer was to be 
found tlu·ough the establislm1ent and implementation of a 'Carbon Market' that traded carbon 
credits and offsets . 
Carbon credits and offsets, terms often used interchangeably, are in their pure form 
financial instruments that are purchased/sold/transferred in a carbon market. It is impotiant 
to recognize that carbon credits and offsets are new commodities that have no intrinsic value. 
Their value depends entirely on the stability of the government policy and GHG emissions 
program that created them, or the goodwill of companies that choose to buy them in order to 
reduce their carbon footprint (Rotherham, 2009). They are generated through projects that 
reduce the emissions of, or provide for the sequestration of C02. The largest share of the 
offset market is occupied by projects based on energy efficiency, renewable energy, methane 
destruction, and forestry/land projects (Hamilton et al., 2008). The underlying basis of an 
offset is the amount of carbon that is 'neutralized' by taking on the project versus operating 
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under the status quo. In order that they can be easily traded/sold to account for emissions, 
they are also measured in MtC02e. 
Carbon offsets are offered in two markets. The large compliance market trades 4146 
million MtC02e of offsets with a value of $117.6 BUS while the smaller voluntary market 
trades 123 million MtC02e of offsets with a value of $0.704B US. Offsets traded in the 
compliance market are done so tlu·ough standards established under Kyoto. International 
rules and procedures for measuring and trading carbon were developed by the UNFCCC and 
its patiner the International Panel on Climate Change (IPPC) (Grieg and Bull, 2009). The 
Clean Development Mechanism (COM) as defined in Article 12 of Kyoto allows for 
industrialized countries to acquire Certified Emission Reductions (CERs) from project 
activities based in renewable energy, energy efficiency, land use and forestry (Neef and 
Renders, 2009). 
Although Kyoto is by far the largest recognized agreement, there were some countries 
that chose not to sign because they believed the format was either too restrictive or too 
cumbersome under which to establish projects. Many of these countries have shown 
initiative in pursuing carbon reduction practices, and have been diligently working on their 
own national and international accords. These include the Oregon Standard (US), Regional 
Greenhouse Gas Initiative - RGGI (US), Global Warming Solutions Act - AB32 (US), 
Western Climate Initiative (US/Canada), Greenhouse Gas Emissions Act (Canada), 
Midwestern Regional GHG Reduction Program (US), Climate Registry (US/Canada), and the 
New South Wales Greenhouse Gas Abatement Scheme (Australia) (Grieg and Bull, 2009; 
Hamilton et al. 2009). In addition to these government initiatives, there are companies and 
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individuals that are taking steps to mitigate and minimize their carbon footprint and are 
voluntarily sourcing carbon offsets. Buyer motivations include wanting to manage their 
climate change impact, corporate responsibility, an interest in i1movativc philantlu·opy, public 
relations/branding effmis, the need to prepare for (or deter) upcoming regulation, and or 
plans to resell credits at a profits (Grieg and Bull, 2009; Hamilton et al. 2009). The 
requirements to service this set of offset customers has resulted in the rapid evolution of the 
voluntary carbon market. At the broadest level, voluntary carbon markets themselves can be 
divided into two main segments: the voluntary but legally binding, cap-and-trade system 
known as the Chicago Climate Exchange (CCX); and the broader, non-binding, over-the-
counter (OTC) off.<>et market. Implicit in the name, purchase/selling/trading of carbon offsets 
within the voluntary market is not conducted due to any type of regulation. 
It is the existence of the voluntary market, and the demand for offsets within the 
voluntary market, pa1iicularly the OTC market, that provides an opportunity for private 
landowners. Forest based carbon sequestration projects, are undertakings tlu·ough which 
atmospheric carbon dioxide (C02) is transferred into long-lived pools (trees/wood products) 
and kept stored securely so that it is not inm1ediately re-emitted back to the atmosphere, are 
well recognized as an offset source (Niu and Duiker, 2006). Afforestation and reforestation 
(AIR), are the two primary types of forest projects, and are defined as a platmed set of 
forestry management or land-use change activities designed to remove, reduce or prevent 
carbon dioxide emissions in the atmosphere by conserving and/or increasing forest carbon 
stocks. (British Columbia Forest Offset Protocol v l.O, 2009). Afforestation is defined as the 
planting of trees on land that historically has not suppmied forests while reforestation is the 
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replanting of trees on land that was previously forested (Kollmus et al., 2008). Tluough 
participation in afforestation and reforestation projects, landowners have the ability to 
generate offsets that they can make available for sale into these markets. Many consider 
forestry projects as the most 'classical' type of offset project (Ashford et al., 2009). They are 
unique from other offset projects in that they are backed by a tangible commodity - wood 
fibre, and that tlu·ough hie-sequestration; they extract C02 from the atmosphere (Rotherham, 
2009). Hamilton eta!. (2009) identify offsets generated from forestly projects as not only the 
most heavily transacted type of offset on the OTC market, but have also identified that buyers 
are willing to pay a premium for projects associated with afforestation and reforestation 
activities 
Quality, and subsequent value of the credits is influenced by the validation process and 
sophistication of the carbon standard applied to the project. Understanding which standard is 
most appropriate for forestry applications is impmtant in maximizing future value of the 
credit. In generating carbon credits tluough forest management projects, it is important for 
project proponents to have an understanding of the components and associated costs: 
patticularly because the programs span long timeframes (up to 100+ years). Carbon 
accounting/reporting, baseline establishment, additionality, project eligibility, carbon pools, 
forest products, leakage, permanence and liability are all factors that must be understood 
prior to patticipation in a forest carbon project. These factors, in consideration with crop 
establishment and crop tending, have associated costs. The evaluation of these issues and 
their associated costs compared to current and predicted market values will allow for 
conclusions to be drawn regarding the viability of pursuing such projects. 
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In this context, the objectives of this study are to: 
1.) Examine the structure and determinants of Afforestation and 
Reforestation Carbon Fm·est Projects conducted on private land 
and identify the feasibility of establishing such projects 
2.) Identify the costs I benefits for private land owners in 
establishing such projects 
The study is organized as follows: Chapter li reviews the literature on the subject. 
Chapter III discusses the data and methodology used in the study, Chapter IV is dedicated to 
analysis and discussion, and Chapter V summarizes the conclusions. 
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Chapter 2 
Carbon Credits -Sequestering Carbon of Private Forest Lands: A Review of 
Literature 
This chapter reviews both the theoretical and empirical literature regarding the generation 
of carbon credits on private forestlands. Section 2.1 reviews the theoretical literature and will 
provide information regarding the underlying concepts of carbon offset establislunent, and 
their applicability in relationship to forest carbon projects. Section 2.2 summarizes the major 
findings of empirical literature, and will provide information regarding the size of markets, 
pricing mechanisms, and methods of modeling and calculating offset volumes and 
availability. Section 2.3 summarizes the conclusions. 
There is much literature regarding the topic of carbon credit I offset establishment and 
trading on private forestlands. Because the 'carbon industry' came about as a result of Kyoto 
that occurred in 1997, most of the literature is current (less than 10 years old). Understanding 
of carbon science and evolution of the carbon industry is a rapid, dynamic process. Although 
consistent themes run through a majority of the carbon standards (additionality, permanence, 
leakage, transparency, registration and standards), differences exist in methodology, markets, 
and geographical acceptance. British Columbia is currently in the process of developing a 
forest offset protocol that will define acceptable offsets for consideration by the BC 
govcrmncnt. However, because the project scope is on private land, the feasibility of 
undetialcing projects will not be limited to this standard - i.e., the credits generated for sale 
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will be available to the OTC market. The differences in the standards and the markets in 
which they are sold have an impact on the value of the credit- those credits following higher, 
more stringent standards and eligible for the compliance market fetch higher values on the 
exchanges on which they are traded. As well, there are potential differences in the actual 
volume calculations that determine the amount of credit produced. 
2.1 Theoretical Literature 
Although accepted as a common mechanism for generating offsets, the quality and 
quantity of the offsets generated through forest projects remains somewhat controversial 
because of the challenges posed in managing the issues of additionality, leakage, permanence, 
co-benefits, standards, and modeling (Beane et. al, 2008; Greig and Bull, 2009; Hamilton et. 
al, 2007 & 2008; Lim et al., 1999; Kurz et al., 2009; Masera et al., 2003; Rotherham, 2009; 
Seely et al., 2002; Stavins and Richards, 2005). 
2.1.1 Additionality 
Additionality, sometimes referred to as incrementality, is the cornerstone of offsetting 
projects. It must be transparently established to provide project credibility. It is also one of 
the most ditlicult principles to deal with. In the context of forest offset projects, additionality 
can be expressed as the requirement for the project to produce results (emission reductions or 
removals) that are in addition to those that would have occurred in the absence of the project 
(Beane et al, 2008). The Kyoto Protocol outlines this concept as a requirement for plans to 
reduce GHGs over and above Business as Usual (BAU), and the World Resources Institute 
and World Business Council for Sustainable Development (2005) stipulate that project-based 
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emissions should be considered additional only if the project activity "would not have 
happened anyway". 
In order that a measure of additionality can be quantified, there is the need to establish a 
baseline or reference point against which a project's carbon storage can be measured. It is the 
difference between the baseline volume and the volume of carbon sequestered as a result of 
the project, that comes available for sale as a credit. Forest projects c01mnonly use two 
methodologies for establishing baselines: Base Year and Business-as- Usual (Figure 2.1 ). 
Figure 2. 1 -Base Year and BAU Baseline Representations. The volume between the red dashed line and 
the blue solid line is the incremental volume available for sale (Beane et al., 2008) 
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The base year approach pegs a stmting point and compares actual measurements of a 
project's carbon stocks year over year. The BAU methodology compares a projects carbon 
stocks to the estimated/modeled amount that would have naturally occurred in the absence of 
the project being undertaken. Both of these methods prove to be somewhat controversial. 
The base year approach is contentious as it does not consider what would have occuned 
should the project not have been undertaken, and results in the question 'Did the project yield 
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any real changes in sequestration levels?' The BAU approach is challenged because it uses 
hypothetical projections of sequestration rates made many years into the future, and cannot, 
with absolute accuracy, predict what the actual sequestration rates would be (Beane et al, 
2008). For the purposes of afforestation and reforestation activities, the base year approach is 
accepted, saving the necessity to site prepare, brush clear, or burn prior to planting 
(Rotherham, 2009). 
Kollmus et al. (2008) identify four common tests for achieving additionality: 
1.) Legal and Regulatory Additionality Test (Regulatory Surplus) - If the project is 
implemented to fulfil official policies, regulations, or industry standards, it 
cannot be considered additional. 
2.) Investment Test- This test assumes that an offset project is additional if it would 
have a lower than acceptable rate of return without revenue from the sale of 
carbon offsets. In other words, the revenue from the carbon offsets must be a 
decisive reason for implementing a project. 
3.) Barrier Test- This test looks at implementation barriers, such as local resistance, 
lack of know-how, institutional barriers, etc. If the project succeeds in 
overcoming significant non-financial barriers that the business-as-usual 
alternative would not have had to face, the project is considered additional. 
4.) Common Practice Test - If the project employs technologies that are very 
commonly used, it might not be additional because it is likely that the carbon-
offset benefits do not play a decisive role in making the project viable. 
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Forest carbon pr~jects' ability to pass each of these tests gives credence to their ability to 
serve as a viable, respectable offset project type. 
2.1.2 Permanence & Liability 
The temporal concept of permanence is described by Rotherham (2009) as the removal of 
a GHG molecule permanently from the atmosphere, and described by Beane et al. (2008) as 
the removal of C02 from the atmosphere for a time period at least as long as the emitted gas 
that it is sequestering is contributing to climate change (dependant on the decay rate of the 
particular GHG). Permanence is one of the major concerns in any forestry related project 
(Beane et al., 2009; Ellis, 2009; Kim et al., 2008; Marland et al., 2001; Palmer et al., 2009) 
because of inherent risks and uncertainties that span long periods of time. Forestry carbon is 
patticularly vulnerable to natural risks (e.g. pests and diseases, climate change, fire), 
anthropogenic risks (e.g. encroaclm1ent, land management), political risks (e.g. weak property 
right, non-enforcement), economic and financial risk (e.g. exchange rate fluctuations, 
changing oppmtunity costs), and institutional risks (Palmer et al., 2009 from Watson et al., 
2000). 
There is much literature on processes to deal with issue of forest carbon's 
'imperfect permanence'. Suggestions include the purchase of insurance on the carbon 
resource (though it is unlikely that this is either practical or economical), registration of 
easements against the land that the project is on, the ton-year system (a complicated system 
that requires the development and application of equivalency factors), and various forms of 
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contractual agreements (rentals and futures options). Marland et al. (200 1) and Chomitz 
(2000) provide the basis for today's most commonly accepted format of a 'Credit 
Withholding' system, whereby a percentage of the carbon benefits from each project entered 
into the voluntary carbon offset program are withheld and made unavailable for sale. This is 
designed to make up for any natural damage that could occur to the project in future years. 
This methodology can be practically applied to AIR projects whereby the project proponent 
would not recognize the entire volume of carbon being sequestered, always having to 
'maintain some in a banic' . 
While the issue of permanence can be managed, and risks to projects minimized, the 
question of liability remains. What happens and who is responsible when the sequestering 
process works in reverse, and a project, through a natural or anthropogenic event, results in 
the sequestered carbon being let back into the atmosphere? The potential for responsibilities 
relating to this dilemma may lie with any of the following: owner of the project, purchaser of 
the offset, or a third pmiy insurer that has issued some smi of performance bond. It is 
important for landowners to recognize that they may be held responsible for carbon losses, 
and be responsible for replacing the credits that they have reversed - either through a 
purchase of another projects offsets, or through the establishment of a project that they will 
have to complete with no additional revenue stream. 
12 
2.1.3 Leakage 
The International Panel on Climate Change (IPCC) defines 'leakage' as the 
"unanticipated decrease or increase in GHG benefits outside of the project's accounting 
boundary ... as a result of the project activities." (BC FOP, 2009). In the fore:::;t management 
context, it can be viewed as the increase in harvest on other areas of forest that takes place to 
balance any decrease in harvest on a forest that is being managed as a forest carbon project 
(Rotherham, 2009). Specific examples of this include deforestation and harvest rate 
mcreases. 
Deforestation leakage is similar to a 'shell game', occurring when an afforestation or 
reforestation offset project being conducted on one parcel of land results in the deforestation 
of another parcel - i.e. one landowner converts agriculture land to forest land to gain the 
benefit of the offsets, while at the same time another owner is converting forest land to 
agricultural use. While much research has been done to determine and accurately estimate 
deforestation leakage, the price elasticises of supply and demand for timber products make 
this a difficult endeavour. Acosta and Solmgen (2009) have estimated that leakage rates may 
range from 42% - 95%. In order to alleviate this concern, the BC government has committed 
to develop legislation in 2010 that will achieve zero net deforestation by 2015. From a 
private land perspective, it will be imperative that owners recognize this requirement for all 
parcels of land that they are going to include in forest carbon projects, as it will potentially 
limit their ability to harvest volumes of mature timber. 
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With respect to harvest rates, leakage occurs when projects result in the increase of 
standing timber volume, and this volume is then harvested. Sustainable harvest rates, 
commonly referred to as AAC (annual allowable cuts) must clearly differentiate when a 
project is part of normal forest management and when it is a forest carbon offset project, with 
the latter not contributing additional volume to harvest levels. 
In the interim, it is proposed that a forest carbon project on private lands does not have to 
address leakage issues, but going forward it is anticipated that any leakage from properties 
participating in the project would be the responsibility of the landowner. 
2.1.4 Co-Benefits 
Co-benefits are the positive ancillary environmental, social, and economic outcomes that 
result from an offset project (Beane et al., 2008). They set the context in which carbon 
projects are undertaken in a more 'holistic frame'. Forest projects often gamer support ahead 
of other offset project types because of the additional benefits they provide and are often 
associated with: wildlife habitat, clean water, recreation, biodiversity, and eco-tourism 
(Ashford et al, 2009). ln terms of potential economic benefit, forest projects are known to 
attract a premium for the offsets that they generate. The positive association of a 'green, 
healthy forests' with a 'green, healthy enviromnent' result in many companies choosing to 
purchase forest carbon offsets for purposes of branding and evidence of corporate 
responsibility. 
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2.1.5 Standards and Accounting 
The compilation and integration of additionality, leakage, permanence and co-benefits are 
ultimately defined in a Forest Carbon Standard. Standards in the regulated market have 
existed since the ratification of Kyoto, and are viewed by many as complex, bureaucratic and 
cumbersome. Because of this, it is commonly accepted that many potential projects do not 
materialize. In contrast to this, the voluntary market evolved with few standards in place. It 
was not until a level of social awareness was achieved that recognized the importance of 
additionality that standards in the voluntary market became impmiant. In 2007, the quality of 
offsets was challenged in the media, and in order to maintain credibility, many suppliers 
pursued standard accreditation. h1formation fi·om Hamilton et al. (2008), summarized in 
table 2.1, reveals the different standards, the types of projects they cover, the methodologies 
they employ, and their stati date. Note that many of the standards are 'works in progress', 
with components yet still to-be-determined (TBD). 
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Table 2.1 Standards for Evaluating Carbon Offset Projects (Hamilton et al., 2009) 
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An understanding of different standards and their unique offerings and requirements is an 
imp01tant consideration for forest project proponents to consider before they enter into any 
works. They need to understand the criteria under which their individual project will be 
evaluated. 
Key components of the standards are the requirement for registering and rep01ting offsets. 
Carbon credit accounting registries are designed specifically to track the volumes being 
generated and traded, with serial numbers being attached to each block of offsets. This 
component of a standard allows for transparency of how individual offsets flow within the 
carbon market. 
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2.1.6 Modeling and Calculating Forest Carbon Credits 
In order to estimate and account for the volumes of carbon being generated as forests are 
planted, grown and harvested under different regimes, forest carbon stock models have been 
devised. Models' abilities to accurately determine the amount of carbon that is being 
sequestered fi·om both a temporal and quantitative perspective is a critical component of the 
decision making process for private land owners to pursue forest projects. This is important 
because future revenue streams are dependent on the accurate assessment of volumes of 
offsets that will be available for sale (Black et al., 2008). In general, forest carbon modelling 
is unde1iaken in a series oflogical steps (Grieg and Bull, 2009): 
o Selecting a carbon accounting model that meets your needs and standards that will 
be applied to your project 
o Assembling forest inventory data 
o Identifying management assumptions and scenarios 
o Estimating carbon pools (existing carbon stock) 
o Determining the change in carbon over time (sequestration rate) 
o Generating reports for conununicating results 
It is important to make note that not all standards will accept all models, and that prior to 
establishing a project, proponents should ensure that the model that they are proposing to use 
will be accepted by the standard that they will be working under, and that it will provide a 
sufficient level of detail and accuracy. Commonly accepted models within Canada, and more 
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specifically British Columbia include CBM-CFS3 (Carbon Budget Model - Canadian Forest 
Service Version 3) and FORECAST. 
2.2 Empirical Literature 
There is substantial literature on carbon markets from size, trends, and pncmg 
perspectives. The following section will provide a quantitative context in which to view 
forest carbon projects ability to service the voluntary carbon market. 
2. 2.1 Markets 
The market for carbon offsets resulting from project based transactions is growing at an 
exponential rate (Figure 2.2). Point Carbon (2008) projects the carbon market to be an 
indushy wo11h $3.1 trillion US by the year 2020. While much of the growth in volume has 
been experienced in the regulated markets governed by Kyoto's Clean Development 
Mechanisms (CDMs), the growth rate of the voluntary OTC market has actually outpaced the 
regulated market. For the year ending 2008, the OTC voluntary market grew by 84% 
compared to the regulated markets growth of 46% (Hamilton et al., 2009). 
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Figure 2.2 Annual volumes (MtC02e) of project-based emission reduction transactions (Source: Grieg and Bull, 
2009 from Cappor and Ambrosi 2007; adapted with permission from the World Bank) 
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Within the regulated market, forestland based offsets have played only a minimal role and 
accounted for only 1-2% of the credits exchanged. This is in stark contrast to the OTC 
market, in which forestry projects accounted for 18% of the market share 2008, and have 
ranked, in the top 4 sectors of market contribution for the years 2006- 2008 (Hamilton et al., 
2007, 2008, and 2009). Along with their strong representation of volume in the OTC market, 
offsets arising from forest based projects have year over year demanded an average pricing 
when compared to other types of offsets. In 2008, as per figure 2.3, they were recognized as 
having one of the single highest transaction prices (Hamilton et al., 2007, 2008, 2009). 
Hamilton et al. (2009) and Ashford et al. (2009) suggest that a high a percentage of offset 
purchasers (75%) have a positive view of forest carbon, and will be willing to pay premiums 
for projects that meet their criterion. 
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• 
Figure 2.3 Credit Price Ranges and Averages by Project Type {OTC, 2008) (Hamilton et al., 2009) 
50 
45 
40 
35 
30 
.. 25 
d' 20 
u 
~ 15 
~ 10 
5 
2. 3 Summmy 
~ e 
?;' ~ 
c £ .. ~ ·o "' Gi
4i >-
E" " u. .. 
c w 
~ ii s ~ "' ~ .. e c 
"' 
., 
<1i .c c _j ·;:; ., 
u; ::. 
" ., 01 .£ <( 
22.0 
~ ~ ~ ~ € N' ~ ~ .. "' M ~ c: c: ~ ., ~ ~ 0 c .ill ;J: '5. "' n; & Iii I ~ <J ~ .8' a:: ~ ~ "Si (!) ·c;, 
" u. 
•Volume· 
weighted 
Average 
- Maximum 
18.0 
Transaction 
16.8 Price 
- Minimum 
Transaction 
Price 
& ::::. a ,::- ~ s € ~ ~ 0: ~ ,.. ,.. 
il c "0 "0 ~ 1l "' .2 c: .. c: c: .. "' .g 0 _j "' .. 0 N E "" .2 5 l E .. .. l!l 0 .,. .Q ~ c <: 01 ~ <( "0 .. 5! .. c (/) co c 0:: c .. _j 0 f:! ~ 8 ::. ~ il z m ~ ~ al 0 0 ., :::: u. ·~ ~ 
<( 
The preceding review clearly points to the potential oppmiunity for private forestland 
owners to pursue forest carbon projects that will generate offsets that they can make available 
for sale. For landowners to be successful, it will be important that they recognize the 
criterion under which they will be measured and held accountable. The major risks 
associated with undertaking such projects include the fact that they are generating a 
commodity for a commodity market that has no intrinsic value, as well as risks associated 
with working in an industly with common underlying structures, but highly diverse standards 
and operational procedures. 
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Chapter 3 
Database and Methodology 
This chapter discusses the data and methodology used in this study. The chapter is 
divided into two sections. Section 3.1 is devoted to a review of the database and its 
composition. Section 3.2 discusses the methodology and assumptions applied in analyzing 
the data. 
3.1 Database 
The focus of this study is on Private Lands in Central British Columbia, specifically those 
within the Prince George Timber Supply Area (PG TSA). The PG TSA is located in north-
central British Columbia and covers approximately 7.97 million hectares of the Northern 
Interior Forest Region. While the TSA spans an area ranging for the Blackwater River in the 
south to the headwaters of the Skeena River in the nmih, and covers a diverse landscape of 
mountains and interior plateau (MFR, 2010), private land holdings are concentrated in close 
proximity to the urban centres of Prince George, Vanderhoof, and Fort St. James, and the 
highway corridors that connect them. Figure 3.1 shows the private lands within the PG TSA, 
excluding the areas within municipal boundaries. Private lands account for 321,940 hectares 
of land (approximately 4% of the TSA area) . This distribution of private land, in both 
volume and spatial distribution is consistent with the rest of the province (94% of British 
Columbia is publicly owned). 
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British Columbia uses a forest classification system called the Biogcoclimatic Ecosystem 
Classification (BEC). BEC is a hierarchical system that combines climatic, vegetation, and 
site characteristics to organize ecological infonnatiun and management experience (Lewis, 
2002). The BEC system divides the land base into Biogeoclimatic Zones (BioGeo Zones) 
and further into subzones, that are characterized by 'zonal sites'. Zonal sites can be described 
as the representative sites within the subzone, and can be used to provide a proxy for 
potential growth rates of a planted species on a particular site. Specifically, the growth 
potential is represented by Site Index (SI50) which is the height of a tree (measured in metres 
(m)) of a patiicular species at the age of 50 years. 
For the purposes of this analysis, BioGeo Zones were overlaid on top of private lands to 
determine the variability and distribution of the ditierent classifications and their 
representation within the private land base (Figure 3.2). Fifteen different subzones were 
identified within the private lands (ICHvk2, ICHwk3, SBPSmc, SBSdk, SBSdw1, SBSdw2, 
SBSdw3, SBSmc2, SBSmc3, SBSmh, SBSmkl, SBSmw, SBSvk, SBSwk1, SBSwk3). A 
zonal site index, using the Site Index Estimates by Site Series for Coniferous Tree Species in 
British Columbia (BC MOF, 1997) was allocated to each of these subzones. Four different 
site indices were determined for pine, with values of 12, 18, 21 and 24. Table 4.1 shows the 
private land distribution by BioGeo subzone, the hectares represented by each subzone, and 
the site index for the zonal site within the subzone. 
Forest management strategies are often tied to BioGeo subzones. The ditlerent strategies 
are based primarily on the difficulty of establishing and maintaining a forest crop on the land 
base, with those subzones that provide greater challenges commonly associated with 
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increased costs. The increased costs often result from the requirements for either a higher 
percentage of standard activities, or additional activities in the form of mechanical site 
preparation (MSP), brushing and weeding, fill planting and surveying. 
For the purposes of this analysis, cost information regarding stand establislunent and 
maintenance was derived from two sources - Canadian Forest Products Limited (Canfor) and 
the Ministry of Forest and Range British Columbia Interior Appraisal Manual (MoFR lAM). 
Costs from both sources are represented on a 'per hectare by BioGeo Zone' basis, and are 
all-inclusive averages for establishing the stand, and getting it to a 'Free to Grow' state (1.5-
3.0m in height). Costs include, but are not limited to the activities of mechanical site 
preparation, planting, surveying, fill planling, chemical and manual brushing and weeding 
and spacing. Once a stand is established and Free Growing, future costs are considered 
negligible. 
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Figure 3 .2 Private Land within the Prince George TSA by BioGeoclimatic Zone 
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3.2 Methodology 
In order to determine the financial feasibility of unde1taking forest carbon projects on 
private land, an understanding ofthe components of cost ofestablislunent, volume ofproduct 
generated on the site, value of the product, and various payment mechanisms is required. To 
this end, an evaluation was conducted. The evaluation can be considered conservative in 
nature: it takes into account only the volume of carbon stored lumber and not any of the 
additional biomass, it applies an 80% availability factor to the offsets being generated to 
assure permanence, and it does not apply a value to the fibre crop at culmination age. 
Cost of establishing and maintaining forest crops was determined from the data provided 
by Canfor and the MoFR lAM. The cost of establishment was rep01ted on a 'per hectare' 
basis ($/ha.), and represents an average of all sites within each biogeoclimatic zone. 
Volume of product generated was determined using the Table Interpolation Program for 
Stand Yields (TIPSY) with inputs generated from private forestland attributes (BioGeo Zone 
and Site Index). Actual carbon sequestered was determined as a function of sawn lumber 
from values provided by the TIPSY Lumber and Chips Table. With the carbon content of 
wood being 50% by weight, a conversion of volume of lumber, to volume of carbon was 
achieved by using a series of calculations and a conversion table of oven-dry wood densities. 
An underlying assumption was that stands were to be managed on a cutting cycle that 
maximized the growth rates of trees planted on the sites, and that stands were harvested at 
their culmination age - the age at which they are growing the fastest. The harvested volume 
was to be made available for sale in the form of a 'long lived wood product' - i.e. lumber for 
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use in home construction. In order to satisfy the requirements of 'additionality', credit was 
claimed only for the volume of carbon in the lumber, and the volumes contained in residual 
chips and sawdust that went to other products such as panel boards, pellets, and paper was 
not considered available for sale. As well , the residual biomass roots, branches and needles 
was considered a neutral sink of carbon - although carbon sequestered in these tree 
components as the tree grew, much of it is rapidly released following harvesting and 
subsequent decomposition. A 20% reserve pool (reduction) was applied to the available 
carbon offsets to account for permanence and the associated risks of fire and pests. 
Sale values of the carbon offset were determined using average Over-the-Counter (OTC) 
pricing for forest carbon projects for the years of2006, 2007, 2008 and 2009. 
An impm1ant concept to understand is that the growth rates of trees, and the subsequent 
sequestration of carbon is not constant over the growth cycle of the project. The project will 
initially not generate any available harvestable volume that can be conve11ed into lumber for 
the first years of the project. Over time, the growth rates and the available sequestered 
carbon grow exponentially until they reach culmination age. The uneven rate of 
sequestration has implications on the amount of volume of offsets available for sale, and the 
cash flows arising from sales. Sale mechanisms that represent an actual available volume for 
sale, and an average volume available for sale are modelled into Internal Rate of Return 
(IRR) and Net Present Value (NPV) equations showing the potential return rates of 
undet1aking projects today and the value of the projects in today's dollars. 
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finally, a brief comparison is completed that shows the potential impacts of various 
pricing changes of offsets (sensitivity analysis). 
3.2.1 Formulas and Assumptions 
The following section outlines the formulas and describes the variables that were utilized 
to generate values for the volume of carbon credits being generated for both actual and 
average methods, and the potential revenue streams generated from their production. 
Assumptions are listed at the end of the section. 
Actual Volume of Carbon Offsets pet· hectare at a given age: 
(mtC02e/ha)(at age x)= (bf/ha)(at age x) * (0.0023597722 m3 /bt) * ( 400kg I m3) 1' (1 t~nne I 
1000 kg) * (0.50 tonnes Carbon I m3) * (3.67 tonnes C02 I tonnt! Carbon) i: (0.80 
Availability) 
where: 
o (mtC02e/ha)(at age x) = Volume of carbon offsets per hectare at a given age in 
tonnes 
o bf/ha =Board Feet per hectare ti·om TIPSY Lumber and Chips Table 
o m31bf = Cubic meters per board foot of oven dry pine lumber (a constant 
conversion of 0.2359722m3 /bf) 
o 400kg I m3 = Oven dty weight of pine lumber per cubic metre of oven dry pine 
lumber 
o 0.50 tonnes Carbon I m3 = Relative composition of carbon per cubic metre of 
oven d1y pine lumber 
o 3.67 tonnes C02 I tonne Carbon = Conversion factor that recognizes the actual 
carbon content is equal to 272.5 kilograms (molecular weight of the carbon 
component relative to the oxygen component) per tonne of C02 
o 0.80 Availability = Constant that recognizes that 20% of the carbon credits 
generated must be withheld for permanence assurance. 
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Applying constants, the equation can be simplified to 
where: 
o k, = .0023597722 (m31bf) 
o k2 = 0.2 (t01mes Carbon I m3) 
o k3 = 3.67 (t01mes C02 I tonne Carbon) 
o k4 = 0.80 (80% Availability of Credits & 20% Withholding to Assure 
Permanence) 
Similarly, the Average Volume of Carbon Offsets at culmination age is calculated using the 
following equation: 
(Average mtC02elha)(at culmination age)= ((Total bf/ha)(at culmination age in years)"'' kt -;, k2 * k3 
* k4)l Culmination Age (age in years) 
The revenue equations for the actual and average methods are outlined below: 
Revenue Function- Actual method ($1ha) (at age x) 
Revenue< at age x) = (mtC02e/ha)(at age x) "'' $1 mtC02e 
Revenue Function- Average method ($/ha) (at culmination age) 
Revenue(at culmination age) = ((Total mtC02e/ha)(at culmination age) 1' $/ 
mtC02e)/Culmination Age 
It is important to note that the following assumptions were made when modeling and 
performing calculations: 
o TIPSY inputs include '0' years regen delay, planting densities of 1200 stemslha, 
stock height of 13.0 em, and default operational adjustment factors (OAF I = 1, 
OAF2 = 1) 
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o Board foot (bf) values were derived from TIPSY calculations using utilization 
standards of 12.5 em 
o Carbon offsets were only calculated on the carbon content of oven dried lumber. 
Additional biomass in roots, branches, needles and residual chips and bark were 
considered neutral carbon sinks . 
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Chapter 4 
Analysis 
This chapter is committed to the empirical analysis of the data set of private land in 
central British Columbia, and its ability to serve as a financially viable option for the 
production of forest carbon offsets. As well, a review of the standard requirements for 
establishing a forest carbon projects will be completed in the context of the private land data 
set, and prevailing legislation and regulation. The chapter has been divided into five sections. 
Section 4.1 is dedicated to the analysis of private land in central British Columbia, its 
capacity to grow forests and its eligibility to meet the basis requirements of forest carbon 
projects. Section 4.2 is devoted to modeling the growth potential of the land base, and 
establishing a volume of carbon offsets that will be created. Section 4.3 examines the market 
pricing of forest carbon projects. Section 4.4 assesses two types of sale options (Average and 
Actual) and determines their Internal Rate of Return. Section 4.5 reviews the impacts of 
price changes of offsets on the financial viability of establishing projects. 
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Section 4.1 Private Land 
Section 4.1.1 Qualitative Analysis 
Private land in central British Columbia offers a unique opportunity for the establislm1ent 
of forest carbon projects. Using the Kollmus et al. (2008) criterion for additionality, private 
land in British Columbia can be found to fulfil the entire necessary criterion - Legal and 
Regulatory Additionality Test, Investment Test, Barrier Test and Common Practice Test. 
Most of the private land is owned 'fee simple', a form of absolute ownership, wherein the 
owner has the right to use it in any way he or she chooses. As such, owners are not required 
to establish crops of any kind, or manage the land base to any regulated standard. This 
important attribute allows for the passing of the Legal and Regulatory Additionality Test, in 
providing that the establislunent of a forest crop be beyond what is legislated. 
The Investment Test is examined in the context that establishing forest crops for the 
purposes of generating forest products (lumber and chips) is not financially viable because of 
the longer rotation ages (60-80 years) on many lower productivity interior forest sites. 
Landowners would be required to spend monies establishing crops with limited potential to 
recognize the benefits within their lifetime. The fact that forest crops have always yielded a 
lump sum payment at time of harvest, as opposed to continued cash flows has also been a 
reason why activities have not been pursued. Should the additional revenue stream generated 
from carbon offsets be great enough to cause the project to go ahead, then it could be viewed 
as a decisive reason for implementing the project, thereby allowing the Investment Test to be 
achieved. 
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The Barrier Test is fulfilled by the land owners' requirement to overcome his lack of 
knowhow, and become versed in the practices of crop establislunent and management, as 
well as the carbon market. Although the establishment of forest crops does not employ any 
new teclmologies, the C01runon Practice Test is reviewed in the light of a landowner using a 
common practice in a new way. Landowners have historically left their land fallow after 
removing the forest cover, and those lands that have been conveticd to agricultural use have 
limited productivities (for agricultural crop purposes). The establislunent of forest crops on 
marginal agriculture lands or denuded forestlands is therefore a clear example of a practice 
that fulfills the Common Practice Test. 
The concepts of permanence and leakage are both well addressed by the 'fcc simple' 
ownership structure of the private land. With absolute control over all of the activities that 
take place on the land base, the owner can control the processes associated with crop 
establishment and management. Specifically, the owner can withhold a percentage of the 
offsets made available for sale; thereby ensuring permanence is maintained should a portion 
of the stand succumb to a catastrophic event. As well, with control of the land base, the 
owner can ensure that no additional activities that release carbon are performed as a result of 
the project being unde1taken. 
With respect to co-benefits, the establislunent of forest crops on private lands provides 
only positive outcomes. Wildlife habitat, clean water, recreation and biodiversity are all 
achieved by planting trees. Additionally, with much of the private land being in close 
proximity to urban centres and highway corridors, the aesthetics and viewscapes are 
improved to provide for forests as opposed to raw land. 
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Section 4.1. 2 Quantitative Analysis 
The 321,940 hectares (ha.) ofprivate lands in the data set are composed of fifteen unique 
BioGeo subzone-variants. The Sub-Boreal Pine-Spruce moist-cold (SBPSmc) is the least 
represented subzone with only 34 ha., and the Sub-Boreal Spruce dry-warm-3 (SBSdw3) is 
the most represented with 127,274 ha. Zonal site indices across the subzones are represented 
by four SI50 measurements - 12, 18, 21 and 24 for pine. The lower the site index, the lower 
the productivity of the site. These are the site indices that were modeled for growth potential. 
Pine was chosen as the species to model because of its higher site indices when compared to 
spruce on the same site and subsequent higher growth rates. Table 4.1 summarizes the 
distribution of subzones and the associated site indices. The dominant pine is SI50 -18. 
For each subzone, both Canfor and the MoFR, provide cost information regarding the 
establishment and maintenance of forest stands. Costs are recorded on a 'per hectare' basis, 
and are recorded against an individual subzone. While costs between the two sources vary, 
there is general consistency in recognition of the higher and lower cost subzones. In order to 
get a representative cost associated with site index (growth potential), a weighted average of 
cost/subzone represented by each of the four site indices was generated. Table 4.1 
summarizes the distribution of subzones and associated Canfor and MoFR costs, and shows 
the costs, by source, associated with each site index. 
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Table 4.1 Private Land Area Distribution by BioGeo Zone, SI50• and Canfor and MFR Cost Regimes. 
BioGeoSubzone-Variant Area(ha.) Zonal Site Index (SI50) Canfor MoFR 
ICHvk2 817 M $1.472.12 $1.674.00 
ICHwk3 626 2.1 $1,472.12 $771.00 
SBPSmc 1! 11 $761.50 $1.081.00 
SBSdk 71.107 ll $671.50 51.081.00 
SBSdw1 14,895 M 51.472.12 $934.00 
SBSdw2 6.571 2.1 $657.89 $824.00 
SBSdw3 127173 ll $657.89 $892.00 
SBSmc2 12 ll $657.89 $1.195.00 
SBSmc3 494 ll $761.50 $1.102.00 
SBSmh 7,058 2.1 $761.50 $1.102.00 
SBSmk1 61.819 2.1 $766.11 $1.137.00 
SBSmw 12.0U 2.1 $924.43 $1.207.00 
SBSvk 8.511 2.1 $924.43 51.610.00 
SBSwk1 9,685 2.1 $924.43 51141.00 
SBSwk3 969 21 $766.11 $1.082.00 
I 
BioGeoSubzone-Variant- Grouped by common I 
Zonal SI50 Area(ha.) Zonal Site Index (SI50) Canfor MoFR 
I ICHvk2. SBSdw1 15712 M 51.472.12 $972.48 
ICHwk3, SBS dw2, SBSml1 SBSmkl, SBSmw, 107280 2.1 $807.92 SU67.66 
SBSdk. SBSdw3, SBSmc2, SBSmc3 198914 ll $663.01 $960.15 
SBPSmc 34 12 $761.50 $1.081.00 
Section 4.2 Modeling Growth 
In order to understand the potential volume of carbon being sequestered, and the potential 
volume of offsets being generated each of the four site indices for pine were modeled using 
TIPSY (Appendix 1). TIPSY is a provincially recognized growth and yield program that uses 
site-specific inputs (site index, species, planting densities etc.) to generate site-specific 
outputs in terms of volume yields of logs and lumber. It also interpolates information, and 
projects mean ammal increment and culmination age. Mean annual increment (MAl) is the 
'mean volume' by which a stand is growing. It changes over time - stmting slowly, followed 
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by a rapid increase, then plateauing and falling off. The age at which a stand reaches 
maximum mean ammal increment is known as culmination age - the stand is adding volume 
on a year over year basis at a rate that is the fastest that the site will support. Culmination age 
is the target rotation age (age when the stand is harvested) of managed stands because it 
maximizes the log volume production, and for the purposes of generating offsets, associated 
sequestered carbon. MAl and culmination age are site and species dependent. Sites with 
higher SI50 , have younger culmination ages and higher MAis, that is to say the sites establish 
more volume at a quicker rate. Figure 4.1 shows the growth curve and culmination age for 
pine SI50 18. Table 4.2 summarizes the maximum MAis and culmination ages for pine site 
indices found on private lands. Pine SI50 - 24 has the highest MAT, 7.90m
3 I ha I year, and 
shortest culmination age of 57 years. 
Figure 4 .1 Growth Curve and Culmination Age for Pine SI5o 18 
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Table 4.2 Culmination Ages and MAis for Pine on Various Site Ind ices 
BioGeoSubzone-Variant- Grouped by common 
Zonal SI50 
ICHvk2. SBSdwl 
ICHwk3. SBS dw2. SBSmh, SBSmkl. SBSmw. 
SBSdk. SBSdw3. SBSrnc2. SBSmc3 
SBPSmc 
Cuhnination Age 
Zonal Site Index (SI50) (years) 
24 57 
21 58 
18 75 
12 110 
MAl (m3/yrlha) 
7.90 
6.21 
4.57 
2.02 
The TIPSY Lumber and Chips Table (Appendix I) was used to determine the volume of 
lumber that could be generated on a per hectare basis at any age up to culmination age. For 
the first years following establishment, even though the stand is growing and adding biomass, 
the volume of logs available to make lumber is 'zero'. Because the volume of lumber 
available to be produced is zero, the volume of offo;;ets available for sale is also 'zero'. This 
is caused by the fact that the log has to grow to a sufficient size in order to be milled. For the 
purposes of this analysis, common merchantability standards were applied in the TIPSY 
model (10cm top diameter of the log and 12.5 em butt diameter). With these standards 
applied, the earliest a site was able to generate any offsets in the form of merchantable lumber 
was age 13 (Slso- 24). This time period was extended out all the way to 27 years for SI50 -
12. As well , it is evident that lw11ber recovery is a function of log size, and a log has to 
achieve a certain size threshold before it allows another board to be extracted from it. This 
phenomenon results in the volume of lumber, and subsequent carbon sequestered following a 
stepped approach. 
The volume of lumber (bf I ha.) was converted back into 'solid wood' volume (m3 I ha.) 
using a constant multiplier of lbf = 0.00235973722 m3. The carbon content of wood is 
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conunonly accepted as 50% carbon, and the oven dry weight of pine is 400kgs./m3, therefore 
each cubic metre of pine boards contains 200 kg of carbon. Tables representing the 
sequestration rates of total carbon and mtC02e were generated for each site index, and can be 
found m Appendix II. Graphical representations of total carbon and mtC02e and 
sequestration rates of carbon and mtC02e, for SI5o - 18 is shown in Figures 4.2 and 4.3. 
While the cumulative volume continues to increase over time, the maximum rate of 
sequestration follows the growth curve, and carbon is sequestered at a faster rate up until 
culmination age. 
Figure 4.2 Cumulative total (tonnes/year) for Pine SI50 - 18 Carbon (C) & C02 
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The average sequestration rate for each site index is determined by dividing the total 
carbon sequestered in the boards at culmination age, and dividing it by the culmination age. 
While this average method of calculation does retlect the actual rates at which carbon is 
sequestered, it could be used to create a more even stream of cash flows over the life of the 
forest carbon project - i.e. by using an average method, a revenue stream is generated 
inunediately after the project is implemented as opposed to waiting until the site produces 
lumber of a merchantable size. A more detailed analysis of this concept is explored in 
section 4.4. Table 4.3 summarizes the average sequestration rate at culmination age for the 
four site indices examined. 
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Table 4.3 Average Sequestration Rate (mtC02e I yr.) at Culmination Age for Various Site indices. 
Culmination Age Volume ofBone Dry Final mtC02e Average mtC02e 
Zonal Site Index (8150) (years) Lmnber(m3) (tonnes) (tonnes/yr) 
I 
8124 57 49.9 183.1 3.21 
SI 21 58 37.9 131.5 2.27 
I 
SI 18 75 35.7 123.9 1.65 
SI 12 110 20.8 72.2 0.66 
Section 4.3 Carbon Offset Pricing 
Pricing of forest carbon offsets is both highly variable and volatile. The variability of 
pricing is a function of the markets that the offset is sold within, the standards under which 
the project has been developed, and the inherent attractiveness of the project to the purchaser. 
For the purposes of this analysis, the Over-the-Counter (OTC) market was selected as the 
basis for establishing price. Unlike the regulated markets and the Chicago Climate Exchange 
(CCX), the OTC market provides for a set of standards that is readily achievable without the 
need to employ high levels of expertise. The OTC market allows for projects of minimal size 
to be combined or aggregated, thereby allowing for developments that may not have been 
recognized in one of the other markets. Finally, the OTC market brings together a diverse set 
of both offset producers and offset customers in a forum that allows for the customers to 
source out projects that they feel best suit their preferences. Volatility of the market is 
explained by the fact that carbon offsets are a commodity, and as such, are subject to all of 
the associated market pressures of any other commodity. In a market where many types of 
offsets are available, differentiation is a key to attaining higher demand I price. To date, AIR 
type projects have demanded a premium, primarily because of their positive association with 
co-benefits that they generate, and the fact that they are supported by an underlying 
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commodity (fibre) that has a residual value. Historical pnce data for AIR projects is 
summarized in Table 4.4. For the purposes of IRR calculations in Section 4.4, the four year 
numeric average was used- $7.22 Can I mtC02e. 
Table 4.4 Historic Pricing information of AIR Projects (Hamilton et al. 2007, 2008, 2009 and 201 0) 
I Historical OTC Pricing (US$ converted to Cdn$ @ 1.06USS /I CdnS) 
I Year Pr ice (US$) Price (Cdn $) 
I 
2006 $ 6.80 $ 7.21 
2007 5 9.85 s 10.44 
I 
2008 $ 5.89 s 6.24 
20091 $ 6.34 5 6.72 
I 4 Year Average l $ 7.22 s 7.65 
Section 4.4 IRR and NPV Calculations 
Using the productivity and cost information generated in Section 4.1, and the pticing 
information from Section 4.4, IRR calculations were performed on the dataset. Rates of 
return were determined for both Canfor and MFR cost estimates using actual and average 
sequestered mtC02e. The actual calculation reflects the volume of carbon offset available on 
a year over year basis, and changes over time to reflect the growth rate of the site and the 
volume of lumber that can be rewvered from the logs. This method recognizes the fact that 
no revenues are generated at the onset of the project, and that the proponent would be without 
any revenue stream for thirteen to twenty seven years. What this calculation does provide for 
is the fact that an offset producer could have a different customer every year, as only the 
volume of credits generated are available for sale. The average method assumes that the 
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carbon sequestered follows an 'even flow', and that offsets produced at a higher rate in later 
years are brought forward. 
In both calculations, a twenty percent (20%) withholding reserve pool was applied to the 
volume of offsets being generated. This reserve pool is required to meet the requirement for 
permanence, and act as 'insurance' against potential future events that would result in carbon 
being emitted from the project (e.g. mortality or fire). 
Using the actual production calculation, only two out of sixteen scenarios show a positive 
rate of return, SI50 - 24 MoFR cost base (0.38 %) and Slso- 18 Canfor cost base (0.27%). 
Using the average rate calculation, one scenario shows a positive rate of return, SI50 - 24 
MoFR cost base (0.51 %). It is important to note that these rates of return are over 57-110 
year horizons. Table 4.5 summarizes the rates of return for each site index. 
Table 4.5 Rate of Return (IRR) for Can for and MFR cost bases. 
IRR- Can for Cost IRR- Canfor Cost Base - lRR- M:JFR Cost IRR- M:JFR Cost Base -
Base- Actual Average Production Base - Actual Average Production 
Zonal Site Index (SI50) Production (n11:CD2e) (mtCD2e) Production (mf.C02e) (mtC02e) 
24 -0.71% -0.9()0/o 0.38% 0.51% 
21 -1.00% -1.88% -0.92% -0.64% 
18 0.27% -1.08% -0.47% -0.07% 
12 -0.71% -1.54% -1.15% -0.94% 
** Assurres 80% ci A1xluc:tion Available for Sale 
** Assurres $7.65/ rrt C02e 
Using the same dataset and Canfor and MoFR cost bases, NPV calculations were 
conducted applying the same assumption of 20% withholding volumes. Discount rates of 5% 
and 10% were used in the calculations. 
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Table 4.6 Net Present Value (NPV) for Canfor and MoFR cost bases. 
NPV - Discount Rate of NPV - Discount Rate of NPV - Discount Rate of NPV - Disconnt Rate of 
5%- CanforCostBase- 5%- Canfor Cost Base - 5%- MoFR Cost Base - 5%- MoFR Cost Base -
Zonal Site Index (SI50) Actual Production ($) Average Production ($) Actual Production ($) Average Production (S) 
I 24 -$1.206.83 -$1.050.39 -$730.98 -$574.54 
21 -$646.57 -$1.154.94 -$989.18 -$679.16 
I li -$554.10 -$1 167.51 -$837.09 -$691.66 
I 12 -$709.24 -$1,308.91 -$1,013.53 -$833 .06 
NPV - Discount Rate of NPV - Discount Rate of NPV - Disconnt Rate of NPV - Discmmt Rate of 
10%- Canfor Cost Base 10%- Canfor Cost Base - 10%- MoFR Cost Base 10%- MoFR Cost Dase 
Zonal Site Index (SI50) Actual Pcoduction ($) Average Production($) - Actual Production ($) A'•ernge Production($) 
I 24 -$1,292.78 -$1.160.16 -$838.56 -$705.94 
I 
21 -$709.24 -$1 ,213.47 -$1.036.27 -$759.25 
li -$590.55 -$1.223.50 -$860.67 -$769.28 
12 -$691.08 -$1,292.71 -~981.54 -$838.49 
Section 4.5 Variable Future Pricing 
While variables of land productivity, costs and carbon sequestration associated with 
forest carbon projects will remain relatively predictable, the same cmmot be said for OTC 
market pricing. In order to generate returns of 2.5%, 5.0%, 7.5%, comparable to other long-
term investments, necessary market pricing was determined using the actual growth rates. 
This information is summarized in Table 4.7. 
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Table 4.7 Required pricing to generate IRR of2 .5%, 5% anu 7. 5% 
Pricing Required to Pricing Required to Pricing Required to Pricing Required to 
achieve IRR 2.5 % - achieve IRR 2.5%- achieve IRR 2.5% - achieve IRR 2.5% -
Caofor Cost Base - Canfor Cost Base - MoFR Cost Base - MoFR Cost Base -
Zonal Site Index (SI50) Actual Production ($) Average Production (S) Actual Production ($) Average Production($) 
24 $ 24.51 $ 18.95 $ 16.20 $ 12_50 
2 1 $ 20.00 $ 26.85 $ 28.90 $ 17.72 
I 18 $ 21.80 $ 26.45 $ 31.55 $ 17.45 
12 $ 76.00 $ 60.00 $ 108.00 $ 39.65 
Zonal Site Index (SI50) IRR5% IR.R5% IRRS% IRRS% 
24 $ 55.00 s 30.50 $ 36.25 $ 20.15 
21 $ 47.85 $ 43 .40 $ 69.25 $ 28.67 
I .lli $ 62.50 $ 45.70 $ 90.50 $ 30.20 
I 12 $ 346.00 $ 112.70 $ 493.00 $ 74.50 
Zonal Site Index (SI50) IRR 7.5% IRR 7.5% IRR 7.5% IRR 7.5% 
24 $ 114.50 $ 43.60 $ 75.80 $ 28.82 
I 21 $ 106.50 $ 62.20 $ 154.00 $ 41.10 
.lli $ 160.50 $ 67.10 $ 232.00 $ 44.35 
12 $ 1325.00 $ 168.50 $ 1 880.00 $ 111.25 
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Chapter 5 
Conclusions 
The rising interest in the Earth's climatic health resulting from GHG emissions has 
resulted in focus being directed towards physically reducing the level of C02 emissions and 
developing measures that sequester C02 from the atmosphere. To this end, an array of 
projects have been established that generate carbon credits/offsets (mtC02e's). The offsets 
that are generated from these projects are traded as a conunodity in both regulated and un-
regulated markets, and have financial value. Forest carbon projects utilizing afforestation 
and reforestation are widely held as an acceptable, if not preferred, project type for 
sequestering carbon and generating mtC02e's for the un-regulated market. This study looked 
at the viability, both qualitatively and quantitatively, of establishing such projects on private 
land in central British Columbia. 
The private lands in the data set are unencumbered from any legal or regulatory 
framework that would prohibit the establislunent of a forest carbon project. The lands, and 
any projects established on them, could easily fulfill the primary requirements of 
additionality, permanence, leakage, co-benefit generation and offset cettification. 
The quantitative analysis was used to determine the financial feasibility of establishing 
forest carbon projects on the data set land base. Industly and government cost bases 
combined with historical OTC offset market pricing were applied to TIPSY modeled stands. 
All of the scenarios modeled had negative NPV s (discount rates of 5% and I 0%) and would 
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therefore not be pursued. Of the sixteen scenarios modeled, only tlU'ee generated positive 
IRR, with rates of return ranging from 0.27-0.51%. These low rates of return would not be 
acceptable for recommending the projects be pursued, especially considering the length of the 
projects (57-110 years). Project establishment costs are unlikely to decrease substantially and 
site productivity is a function of the land base that cannot be changed, therefore, the only way 
to make these projects financially feasible would be for the market pricing of the offsets to 
increase or for credits to be sold as futures. 
Overall, we conclude that forest carbon projects on private land are not restricted by any 
qualitative criterion, but are not financially viable on the range of zonal site indices 
represented on the lands given current costing and offset pricing regimes. 
5.1 Lim ita lions 
This study was limited in scope and focussed on zonal (average) site productivities of 
private land when modeling volumes of carbon offsets generated on individual sites. As well, 
average costs for crop establislunent, and historical average pricing were used in IRR and NPV 
calculations. The analysis was conservative in nature: it did not include volume of carbon 
offsets generated resulting from any additional biomass above that volume contributed by 
lumber, it did not attribute a value to the 20% withholding volume of credits required to assure 
permanence, and it did not value the residual fibre volume at culmination age. The volume and 
pricing equations could be applied to specific site attributes and pricing to dete1mine project 
viability at a more detailed level. 
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100'/J LOUGBI.'OLB L'HIB; SJ.to Indc>t n 24 .00 
Site cu•:vo: L·'l'ht:OUOJ.' (1DD•I) 
'l'op lit 0 bh li\JO 50 (m) "24.00 (l>aso) 
Stocl( ht •• J.3cm 
., ...,,,_,,,, ... ,,,, ... ,,,,,,,,,,,,,,,,,,,, .... ,, .. ,,,, ... ,, ................... ,, ...... _ ...... ...................... ... . , ... >4',0'0 ... •0----------- --··----- ·•-••••-------u ••--••_, ........................ 
01\HI\Gl::D S'£1\ND YU:l,D TI\BLB 
I Volumo I 1·1111 I Volume) l·IIII I Volwno I Nil I I 01\ I DOI!g) 'l'I'IBBSI cc I Vol 
I (m3/ha) I (n13/hn) I (m3/hn) I (m3/hn) I (m3/hn) I (m3/ha) I (m2/hn) I (em) I (11/ha) I 
( \': ) ) (1113 
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'l'J:L'IJY 'l'op) I I I I I I I I I I C>: 
/\go llt)Gl:OS!l 'l'otnl.) '1'ota1. )f.lel:ch I Norch ll·fe>:ch I !-Ierch I I I I 1\ll. )Hax 2 
(yt•) (tn) I 0,0+ 0.0·1-) 0.0+ I 1.2. 5+ 'I 12.5·1· )17 .5+ I 17.5i· I 0.0·1· I o.oq 0. Oi·)1'>:ees I 12 
.................................................... .... 04 . . .. ... . ..... ...................................... ......... .. ....... ... - ..... ---··-----·-.... -····-··---------------------------··-~· 
o.o 0.1 0 0 o.oo 0 o.oo 0 0,00 0 o.o 11.90 1 
1.0 0,3 0 0 o.oo 0 o.oo 0 o.oo 0 o.o 1.1.91 2 
2,0 O,G 0 0 o.oo 0 o.oo 0 o.oo 0 o.o l.l90 ~ 
3.0 0,9 0 0 o.oo 0 o.oo 0 o.oo 0 o.o 110~ G 
ti.O 1.3 0 0 0,00 0 o.oo 0 0,00 0 o.o 117G 9 
5.0 1.7 0 u o.oo 0 0,00 0 o.oo 0 o.o l.lG9 12 
6.0 2 .2 0 0 o .oo 0 o.oo 0 0,00 0 1.2 UG1 17 
7,0 2.7 1 1 0 .ltl 0 o.oo 0 o.oo 0 2.2 1153 2•1 
o.o 3.3 1 1 0.13 0 o.oo 0 o.oo I. 3.0 1145 32 
9.0 3.9 2 2 0.22 0 0.00 0 o.oo 1 3.7 113G H 
10.0 4.G 4 4 0.10 0 o.oo 0 o.oo 2 4.G 1129 •19 
11.0 !L 2 6 G 0,55 0 0.00 0 o.oo 3 5.,, 11?.1 50 
12.0 5.9 0 0 o. 67 0 o.oo 0 o.oo 3 6, l. l.l.l~ 67 
13.0 G.5 12 12 0.92 1 0,07 0 o.oo 5 7.3 1107 73 
1•1.0 7.2 17 16 1.14 2 0.14 0 o.oo 6 0.4 1101 79 
15.0 7.0 ?.1 21 1.40 3 0,20 0 o.oo 0 9.3 1.094 05 
1G.O 0.5 20 27 1. G9 0 0,51 1 0.0•1 9 10.•1 1009 00 
17.0 9.1 35 35 ?..OG 1.5 o.oo 2 0.09 11 11.5 1005 90 
10.0 9.7 43 1?. 2 .33 2?. l..20 2 0.14 13 12.-1 1001 93 
19.0 10.3 52 !JJ. 2,60 30 1.61 7 0.35 15 13.3 1077 9~ 
20,0 10.9 62 61 3,05 42 2.00 l.ol 0.'/0 17 ltl. 2 1074 95 
21.0 11.5 '/2 7l. 3.30 52 2,49 21 1.01 19 1!i.l. l.07?. 9G 
22.0 12.1 02 01 3, GO 63 2.00 29 1.32 2l. 15,0 10G9 97 
23.0 12.G 9G 95 4.13 77 3.3G 14 1. 90 23 1G,5 lOGO 90 
24.0 13,2 l.lO 109 4.54 91 3.70 50 2.41 25 1'1.2 10G7 90 
25.0 13.7 123 122 4.00 104 4.15 72 2.07 27 17.0 lOGG 90 
26,0 1.1.2 137 136 5.23 117 4,52 07 3.3~ 20 10,5 10G5 90 
27.0 JA.'/ 152 151 5.59 1.32 ~.00 104 3.04 30 19.0 1065 99 
:w.o 15.2 166 1G5 5,09 HG !). 20 120 4.?.9 32 19.6 1064 99 
29.0 l!.i, '/ 100 1'19 6,17 159 !).119 136 •I,G!l 34 20,1 1064 99 
30.0 16.2 194 193 6.~3 173 !L7G 152 5,0G 35 20,G 10G4 99 
31.0 1G.6 209 20'/ G,GO lOG G.01 1G7 5,39 37 21.0 10G4 99 
32.0 17.1 222 221 6,91 200 G.24 1.02 5.GO 30 21.3 1063 100 
33.0 1'/. 5 23G 234 7.09 212 6.44 196 5.95 39 21.7 10G3 100 
34,0 17.9 249 24'1 7.26 225 6,G2 210 G.l.9 •10 22.0 10G3 100 
35.0 10.3 2G2 2GO 7.43 ?.30 G. 79 224 G.39 ~2 22.3 10G2 l.OO 
JG.O 10.7 274 273 '/,50 250 6.94 237 G.50 43 22.G lOG?. l.OO 
37.0 19.1. 20'/ 20!j .,, 70 2G2 7.00 249 6,'/4 44 22.9 lOGl 100 
30,0 19.!j 299 29'/ 7.02 273 7.20 2G2 G.09 15 23.1 10Gl 100 
39,0 19.0 310 309 7. 9?. 205 7.30 274 7.01. 4G 23.4 lOGO 100 
•10,0 20,?. 322 321 0,02 ?.96 7.41 206 7 .JA 47 23 •• , 1059 100 
41.. 0 20.5 33•1 333 0,12 300 7,!j?. 290 7.2G 47 23,9 1057 100 
42.0 20.0 34G 3,15 0.21 320 7,Gl. 310 7. 3 '1 40 24.2 10!jG 100 
43,0 2l.. 2 350 35G 0.20 331 7.G9 321. 7.47 49 24.4 1054 100 
44.0 ?.1. 5 369 3G'I 0,34 34?. 7.7G 33?. 7 .!.H.J 50 24.G 1053 l.OO 
45,0 ?.l..O 300 370 0.40 352 7.0?. 3~3 7.6?. 51. 24.0 1052 100 
•IG.o ?.2.1 390 300 o. 43 3G2 7.07 353 7.60 52 25.0 1050 100 
•17 .o 22.4 399 397 0.45 371 7.00 3G2 7.71 !i2 25.?. 104G l.OO 
40,0 22.7 •100 405 0.•14 379 7.90 37J. 7.73 53 25, 1  1042 l.OO 
51 
•19.0 22.9 'IJ.7 •114 0 .'1~ 307 7.90 3'/9 '/,'/<1 53 ?.!LG 1039 100 
r.o.o 23.2 425 •122 0 ,4•1 395 ., • 90 300 ., • 75 51 25.7 1035 100 
51.0 23.!i o\33 429 0. oil 403 .,, 90 39G ., • 7G 54 25.9 J.OJZ 100 
52.0 23.7 4oll •137 0.40 410 '/, 09 404 '/,'/G 55 26.0 1.029 100 
53,0 24.0 449 4 •14 0,30 •llO '/, 00 411 1. 'JG 55 26.2 1026 100 
54.0 24.2 450 IJ!jJ 0,39 42G 7.09 420 7.17 56 2G.•1 1022 100 
55.0 24.4 467 461 O.JO •134 7.90 •120 '/,79 56 26.5 1017 100 
I !Hi. O 2 4:ffi • •170 _ n .. 19 •11.1 '/, _ _:z_ • .fil) :u_ _u. .·L dJlll l 
57.0 24.9 40•1 •170 0,39 450 7.90 445 '/, 01 5'/ 7.6.9 1009 ~00 
- !lu.u <!~'71 •In- • 4U~ .~u •lbU '/.'90~ 453 '/, Ui. su 2'/ .1 1.005 1.00 
59.0 25,3 501 4 93 0.36 •16G 7.09 461 7.01 !j0 27.2 ].001 100 
60,0 25 .5 500 501 0,35 •173 7.00 169 7.01 59 27 .•I !190 100 
Gl.O 25.7 5l.G 500 0,33 •100 7.07 4'/G 7.00 59 27.5 !19•1 100 
G2.0 25.9 524 51!j 0.31 •10 '/ 7,06 403 7.00 GO 27 .7 990 100 
63,0 26.1 532 522 0.29 •194 7 .0•1 •191 7.7!1 GO 27.9 905 100 
G•t.O 26.3 5 110 529 0,27 501 7.03 •1!10 7.70 GO ?.0 .o 970 100 
G!i.O 26 .5 5tl9 536 0,2 5 500 ., • 01 505 7 . 77 61 20.2 !I'll 100 
GG,O 2G.6 557 543 0.23 515 7.00 512 7.75 61 20.3 964 100 
67 .o 26.0 565 54!) 0,19 521 7.70 510 7 .7 •1 61 20,5 950 100 
GO.O 27.0 573 556 0,10 527 7,75 525 '/,'/2 61 20.6 951 100 
G!l.O 27.1 500 562 0.14 533 7.73 531 7. 70 61 20.0 945 100 
70.0 27.3 500 560 0.11 539 ., . 71 530 7. 60 6?. ?.0,9 93!1 100 
71.0 27.5 595 574 o.oo 5 •15 7.60 5 114 7.6G 62 ?.9.1 933 100 
'/2. 0 27,6 602 500 0.06 551 7.65 550 7.63 G2 29.2 !127 100 
73.0 27,0 GO!l 50G 0.03 557 7.G2 555 7. Gl G2 29.•1 921 100 
74.0 27.9 G1G 5n 7.!1~ 56?. ?.GO 561 7.50 63 29.5 915 100 
75.0 20.1 G22 5% 7.95 5G7 7.56 56G 7.55 63 2~.6 909 100 
7G.O 20.2 629 GOO '1.0~ 571 7.51 5'/0 7,50 63 29.0 900 100 
77.0 20.3 635 60•1 7,04 575 7 .~6 5'1•1 7.45 63 29.!1 092 99 
70.0 20.5 G42 GOO ., 7~ 579 ., .42 5?0 7,U 63 30,1 005 99 
79.0 20.G G•IO 611 ?.73 502 7.37 502 ?,JG 63 30.2 07'/ 99 
00.0 20.7 654 615 7 .G9 SOG 7.32 505 7.32 G3 30.4 070 !l!l 
01.0 20.9 GGO 610 7 ,G3 590 7.20 509 7 .27 63 30 .5 OG2 99 
02.0 29,0 666 622 7,5!1 593 ?.23 593 7.23 G3 30.G 055 99 
03.0 29.1 G72 625 ?.53 596 7,1.9 59G 7.1.0 GJ 30,0 040 99 
0~.0 2!1.?. G?7 629 ., • 4 !l GOO 7.14 !i99 7 .1•1 G3 30 . 9 OH 90 
05 ,0 29.3 G03 632 7.~1 603 7,09 G03 7.09 63 31 . 1 03•1 90 
06,0 29.~ GOO 635 7.30 GOG '1.05 GOG 7.05 G3 31.2 020 90 
07.0 29,6 G!l4 630 7.33 G09 7.00 G09 7.00 G3 31.3 021 90 
oo.o 2!1. 7 699 GU ., .20 612 6,96 G12 G.% G3 31.5 015 90 
09.0 2!1.0 70•1 G44 ., .2•1 616 6 .92 615 6.91 63 31.6 009 90 
90.0 29.9 709 6~7 '/.l.9 GlO 6,0'/ Gl.O 6,07 63 31.7 003 90 
91.0 30,0 '/H 650 7 .J.'l G21 6,03 G21 G,03 63 31..0 79? 90 
9?..0 30,1 717 G!jQ 1.0'1 621 G. 75 G21 G.75 G3 31.9 70!1 90 
93.0 30.2 '/20 619 G.90 621 G,GO 621 G.GO G3 32.0 70?. !JO 
94.0 30,3 722 6•19 6.90 620 6,60 620 G.60 63 32.1 77~ 90 
95.0 30.4 725 640 G.02 620 6,53 620 6,53 63 32.?. 767 90 
96.0 JQ,!j 727 640 G. 75 6?.0 6.~5 G19 G.45 G2 32.3 759 90 
97.0 30.6 730 61'1 G.G1 G19 6,30 G19 G.30 G2 32.•1 752 90 
90.0 30,6 732 64G G.59 G1!l G,31 G19 G.31 62 32.5 745 90 
99.0 30.7 735 64G G.53 61.0 6.21 610 G.2•1 62 32.6 730 !JO 
100.0 30.0 737 G45 G. •IS 61.0 G.lO 610 6,10 62 32, '/ 731. 90 
-------------------··-··------------------------------·-··-····-······ ---··--··-··-··--------------------·---
52 
rru: 
IIGI>NC'l 
l'l\OJEC'l' 
S'l'/\t-11> 
Pine SX ?.•1, 'l'J.p 
HOI? tlcnoarch llJ;ancll 
ND/1 PJ:Ojecl: 
Hal: iG/20l.D 
'l'Il'S~ Vcl.' llJ.on •I, 1<1 
SHIDEX Vo ru J.on 1., ~?. 
Gt':OGfll\1'11~: Prince Georga/l'rlnco Gcorgo/SIJS/10~ Slopo 
ES'ri\DLISIH·H::m': 1\cgcn delay " 01 'J'aJ:got DcnnHy ~ 1200 trees/ha (l'lanted) 
Sl'IWIES 
100~ LODGEI!OLE l'INI::J Slte IndoJ: = 2•1, 00 
SJ.te curve: ~'l'hroHaL' (199•1) 
'l'op lit 0 bh auo 50 (m) ~ 2•1, 00 (hn<Jo ) 
.'Jtock ht Q l3cm · 
lllltlVES1' SUI-llol/11\'f 
I 
I '1' I L'S ~ 'l'op 
I IIIJe lit 
I (y1: ) (m) 
I 
) 
I Hili 
I (m3/ha ) 
Site 
Value 
($/ha) 
NPV Volume 
($/hn) (m3/hn) 
01-lax !olean lin Inc (I·IIII) Physical 1\otatlon: Ill UK !·fill: 
Sl' nNllnr• 0. · ~- ..AJLil ?.2. J ~ 0-41i.
1 
~05 I ,-tal:vest ' onll 12,5+ 57.0 2~.!1 7.!10 1025 1630 ~ 50 
ltiii:VG'St DUll I'/7!iT s~ : o ~ti:-:J ·- .. ,, 1 ~Gl 
QHax Site Vnluo (SV) Economic 1\otatlon: max sv 
lfarvest DDII 1~.!H •IG.O 22.1 ., ,0 '/ 2101. lfl22 JG2 
53 
llal:vest conveJ:olon 
1\ovenuo Co.!lt JOIJS 
($/ha) ($/ha) (PO/ha) 
5HOZ 2%51 G3.7 
H59•1 2•15~•1 5l.G 
FILE 
1\Gi>UC:'{ 
1!1\0J!;;C~' 
S'l'/11-10 
P.ino I'll: ?. •l. 'l' ip 
NOh' nouam :ch ll l.'nnch 
t-1011 l'J:ojec;t 
(·fill.' 16/20].0 
'l'T.l'S'i Voi.'9J.on •1.1<1 
SIHD!lX Vol.'oion 1. •12 
G\\OGill\l'IIY: L'L"inco G"o r\jo /l'•:inc;e G<!orgo/SO!J/10~ Slope 
F.S'l'I\D!,JSJH.IEI-I'l': 1\o\J<HI delay Q 0; 'l'ili.'\JCt lla nul. l:y = UOO tt:ecw/ha (Plilntod) 
Sl'l::CIES 
J. OO ~ r.ooGI;I:'o r.t·: l'HIE:t s!te Indo a " ?.~, 00 
SJ.Co c\ll:vo: '1'hr01·/0J.' (199~) 
'fop lit 0 bh ilUO 50 (m) " 21,00 (biWC ) 
Sl:or.k ht ~ 13c ln 
----·---.-········-····.-··-·---------··---... ·· · · ~··· ·· -···-- · ·---------·· · - · ·· ···----- · --- -······- -------
'l'op 
lit 
(m) 
LUt·IOEI\ & CIIHS '1'/\0L£;; 
I LtunbaL' Vol. I 
I (10 em Cop/l?.,!H) I 1- .......... -- ...... _,_ .. _________ _____ , __ _____ ,_ .. ___ .. 1 
Ch l.ps I I r.umboL' 
(OOU/1 2 X 4 2 l( 6 2 X 0 2 l( 10 1\J.l ll\OCOVO l: y 
hn) I (bf/hn) (bf/ha) (bf:/ha) (bf/ha) (br/hn) I (bf/rolJ) 
TIL'SY 
1\\JO 
(y") 
·· ···· - ······· · · ~-·- - ·· · ···-· · ··········· ·· ·· ·· · · ··· · ····--··· ·····-- ----· -·----·-- ······ ··-------- - ------·····-········ --· · 
0,0 
1.0 
2.0 
3.0 
•1.0 
!LO 
G.O 
7.0 
o.o 
9.0 
10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16,0 
17 . 0 
10 , 0 
19.0 
20.0 
21.0 
22.0 
23.0 
2~.0 
25.0 
26,0 
2'1.0 
20 .o 
29.0 
30,0 
31.0 
3?. , 0 
33.0 
34.0 
35.0 
36.0 
3 '/,0 
30,0 
39.0 
~o.o 
H.O 
•12 ,0 
qJ,O 
•1•1. 0 
45.0 
4G.O 
<17. 0 
40.0 
0,1 
0,3 
o.6 
0.9 
1.3 
)..'/ 
?..?. 
2 ,'/ 
3.3 
3.9 
~.G 
5.?. 
5.9 
G.5 
7.2 
7.0 
0.5 
9.1 
9,'/ 
10. 3 
10.9 
11.5 
12.l. 
12,6 
13.2 
13.7 
1~.2 
11.7 
l!i.?. 
15,7 
16, ?. 
16 .6 
1 '/.1 
17.5 
1'1. 9 
1.0.3 
).0.7 
19.1 
19.5 
1.9,0 
20.2 
20. 5 
20.0 
2J..?. 
?.J..5 
21.0 
22 .1 
22.4 
?.2 .'/ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
3 
~ 
6 
!) 
11 
H 
16 
19 
21 
2~ 
26 
20 
30 
33 
35 
3 '/ 
39 
H 
n 
tl5 
~., 
~!l 
51 
53 
!jl] 
!.;G 
!iO 
59 
Gl. 
G2 
63 
G~ 
0 
0 
0 
0 
u 
0 
0 
0 
0 
0 
0 
0 
0 
6 
13 
20 
359 
0?.9 
1?.92 
247'1 
1300 
6101 
0010 
10929 
13770 
].()556 
19360 
22212 
24900 
2'1609 
30200 
32737 
35125 
37440 
39706 
U470 
43000 
14630 
46152 
~76?.3 
~903?. 
50301 
5J.693 
5?.960 
5~209 
55tJ15 
5659~ 
5'/'15~ 
!iOOOJ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
•I 
3•1 
63 
9J. 
226 
•190 
747 
997 
1n•1 
2332 
31.66 
3977 
1'165 
6164 
'/'103 
9190 
10653 
12066 
1.3431 
1.4 '/57 
160•13 
J. 7?. 9•1 
10511 
19694 
?.0'/10 
?.l.HO 
7.21. 00 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
5J. 
06 
J.2l. 
155 
1.90 
27.~ 
250 
290 
3?.2 
H3 
5Gl 
'/01 
OH 
900 
J.J. .\3 
12~?. 
1369 
JA9J 
54 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
l 
~ 
6 
9 
l.l. 
G7 
136 
204 
270 
331 
500 
709 
10G2 
13?.0 
150'/ 
1030 
2135 
25~0 
7.949 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
6 
13 
20 
359 
029 
1292 
24T/ 
~300 
G101 
OOH 
10962 
130~0 
16M '/ 
19506 
22701. 
25731 
20606 
31'/GO 
35122 
30304 
111555 
•14G39 
~7099 
~·J.J.14 
5~290 
57361 
GOH1 
63306 
66107 
G!l503 
'12~35 
75207 
70060 
00690 
03090 
051?.5 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
(),0 
o.o 
0.0 
o.o 
6.5 
6,5 
Ci,S 
~3.9 
55.6 
r.o,o 
01.2 
103.7 
ll6,!i 
126.1 
112.0 
152,7 
160,1 
166,0 
17?. ,J 
1'/6 , 6 
100,1 
1.03 ,9 
100.4 
192.3 
195.6 
190 . •1 
?.01.6 
?.04,"/ 
20'/,1 
209.0 
211.9 
213.9 
21!). 0 
?.1'/,5 
219,0 
2?.0. ~ 
?.?.J.. '/ 
2?.?..9 
22~.?. 
225.~ 
~9.0 22.9 G5 59901. 22763 lGl:i 3339 O'/G90 7.2G. 5 
50.0 23.2 G7 GJ.051 23~00 J.'/30 3"/20 09!)10 227.G 
51.0 23 . 5 GO G2092 21037 1015 1090 92063 220.5 
52.0 23 . 7 G9 G3105 21G19 195G ~·150 9oJlGO 229,5 
53.0 2•1.0 70 G1092 252•1•1 2061 1001 9G201 230,3 
5t1.0 2~.2 71 6•1063 261•12 2201 5~23 90629 231.5 
55.0 21. •I 72 G55r/2 2'/006 2312 6090 101091 232.7 
r. (; _[I ..21L ., :n ..!i62!i2 '?..!ULn!i 2~1)0 - '!741 !~'!1~H' ~ j~: ~ I !H .0 2•1. 9 7•1 66935 20902 2611 7375 10502 6 
:JU,IJ ~:>.1 '" ll'T!J!.IJ. ~ !.1 7 /!J :!IIIII /!In lUUlOJ 
- ;!j~. !J 
59.0 2!1.3 76 60231 30627 20'/2 0591 110321 236.9 
60.0 25.5 77 60055 3115'/ 29% 9102 112•109 237 .o 
Gl.O 25.7 70 69463 32267 3117 9751 l.HG01 230.6 
62,0 25.9 79 7005G 3305'/ 3235 10313 1.16660 239.oJ 
63.0 26.1 00 706•13 33765 335•1 11000 1.10769 210.3 
61,0 26.3 01 7122~ 3~395 3•173 11031 1.20923 2oJ1. 3 
G5.0 26.5 02 71.790 35011 3590 12633 1.23025 212.2 
GG.o· 26.6 03 723~1 35612 370~ 13oJ17 125076 2U.1 
67.0 26.0 03 72001 36199 3015 H101 127079 2U.9 
GO,O 27.0 01 73111 3G772 39?.3 11920 12903•1 211,7 
69.0 27.1 05 7392G 37331 1029 15650 1309•1•1 2~!), 5 
70.0 27.3 OG 71129 37070 •1133 1G370 132010 21G.2 
71.0 27.5 06 71921. 30112 •123ol 17066 13~633 216.9 
72.0 27.6 07 75~01 30931 1333 177~G 13611•1 217 .G 
73.0 27.0 00 75071 391~·1 •1•129 10~11 130155 210.2 
7•1. 0 27.9 09 7G329 399•12 1152,1 19061 139056 210.0 
75.0 20.1 09 76695 1035~ 1)505 19792 111~26 219.5 
76.0 20.2 90 7G910 •1065G ~603 20637 112036 250,2 
77.0 20.3 90 77100 •10952 ~621 21~63 JA1215 250.9 
70 . 0 20.5 90 77U•I H2~1 ~630 22271 11556•1 251.6 
79.0 20.6 91 776~1 •11523 1]655 23061 lA6003 252.2 
00.0 20.7 91 T/060 •11000 •1672 23031 lol017•1 252.9 
01.0 20.9 91 '/0000 •12071 4600 24591 14900 253.5 
02.0 29.0 92 70303 ~2336 170~ 25332 150671 251.1 
03.0 29.1 92 70513 1]2595 1720 2605'/ 151005 
25•1 . . , 
o~.o 29.2 92 70720 ~20 •19 •1735 26767 153070 255,2 
05.0 29.3 93 '10921. ~3090 1750 27ol62 151231 255.0 
OG, 0 29.1 93 7911!> 433H 1]761 20J.ol3 155360 256,3 
07,0 29.6 93 79313 ~3500 1779 20010 156~01 256,0 
00.0 29.7 93 79502 130J.ol 1793 29161 157572 257.3 
09,0 29.0 91 79600 1 •1013 •1006 30104 1506oJl 257.7 
90,0 29.9 91 79070 ~~2G7 1020 30732 159609 250.2 
91.0 30.0 9~ 000~9 ~1107 ol033 31317 160716 250.7 
92.0 30.1 9~ 797G3 ·1~ ·139 •1077 31926 161006 259.1 
93.0 30.2 9•1 7930•1 11336 •1!>27 32409 161135 259.5 
91.0 30.3 91 79012 •11231 •1975 33012 1Gl263 259.9 
95.0 30. ~ !>1 70617 4•1134 5023 33503 1.6130'/ 260.3 
96,0 30,5 93 70209 1•1036 5070 3Hl.ol 161510 260.7 
97.0 30.G 93 77930 ~39H 511G 3•1635 1G1G30 2Gl .. 1 
90 . 0 30.6 93 77593 ot301G 5161 35117 161710 261.5 
99.0 30.7 93 77255 •13751 5205 35610 161063 2Gl. 0 
100.0 30.0 93 7692~ ~3663 5219 36111 1.61977 2G2.2 
-----··---------··---------------•.o••-u•--••-••• •-.-••• ••• •••• ••- ••--------• ··---P•--••• ••••••••• .. -- _. 
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1\GENCY HOI! 1\o~e<u:ch D~ilnch 'l'Il'Si' Vor,d.on •l.J.d 
l'll.OJI::C'l' 1·101\ L'1:oj oct SIIID[:;l< Vot•aion 1.•12 
81'1\t-ID 
Gi::OGIIfll'll'l: l'dnce Go01:ge/l'dnco Go01:qe/SOS/ J.O~ Slope 
l::S'l'I\IJLISIII·II::II'l': 1\egon dol.ny •• 01 'l'uJ:got Donu1ty n 1.200 l:l:ocll/hn (l'l.onted) 
Sl'f•:Cl:8S 
lOO'l LOLJG!WOI,E: L'Im:1 sit a Indol< Q 21,00 
Slto curvo: 4t'J.'Itt:oHol: (199•1) 
'fop lit 0 bh ll<JO 50 (m) ~ 21.00 (baso) 
Stocl: hl: = 1Jcm 
· ···--··- -- -- ~·-···· --··· ·~·····-· · --·--· · --·-··---- ····--······----········· · ·-- · ·· · ······ · ·-.----··-······· ·-· ······· ··········-······· ·· · ·· · · ·· ···· ·· -· ···· ···- ... 
HMII\GED 81'1\Nll 'fiELD 'fi\OLE 
I Volume I HI\ X I Vol\llftol 1·1/\I I VoluHiol 1·11\I I Dll I DOII<.JI '1'1\Ei::SI c.:c I Vol 
I (m3/hn) I (m3/lm) I (tu3/ha ) I (1113/hn) I (1113/hn) I ("t3/hn) I (m2/hn) I (em) I ( U/hn I I 
(1: ) I (tnJ 
1·· .. -- - ····--·--1---""""1"" """"1"""""''"1""'"'"""'1"·•"""""1"""""""1···"""'1""'""'"1"""""1""""" 
'l'Il'SY 'l'opl I I I I I I I I I I Cr 
I\ go lltiGl:oss 'l'ol:nl.l '11otnl ll·lel:ch I Horch ll·lol:ch I !·Iorch I I I I 1111 ll·lnt< 2 
(yl: ) (m)l 0.0+ O,Oi·l 0.0+ 112 .51· I 12.!H 11'/,!H I 1'/ ,5+ I o. 0~· I O.Oi·l 0. 0·1·1 'Crees I 1?. 
----·----------·-------·---~- .... ~ -·-·---··------· -- ··-··· - ·- .. -··----.·····---·-··-··--·""'''""'''' ____________ ... __ __ ____ ,_, .................. ......... 
0.0 0.1 0 0 o.oo 0 0.00 0 o.oo 0 o.o 1190 1 
1.0 0.3 0 0 o.oo 0 o.oo 0 o.oo 0 0.0 119~ 2 
2.0 0,6 0 0 o.oo 0 o.oo 0 o.oo 0 o.o 1190 •I 
J,O 0.9 0 0 o.oo 0 o.oo 0 o.oo 0 o.o 110•1 G 
•1. 0 l.J 0 0 o.oo 0 0,00 0 0.00 0 o.o 1176 9 
5.0 l.G 0 0 0,00 0 o.oo 0 o.oo 0 0.0 11.70 1.2 
G.O ?..0 0 0 o.oo 0 o.oo 0 0,00 0 0.5 ll.G~ 1.5 
7.0 2.5 1 l 0,1•1 0 0,00 0 o.oo 0 1.0 ll57 21 
0.0 2,9 1 1 0.13 0 0.00 0 o.oo 1 2.5 J.J.51 27 
9.0 3.~ 2 2 0,22 0 o.oo 0 o.oo 1 3.2 11-13 3~ 
10.0 ~.o 2 2 0,20 0 o.oo 0 o.oo l 3.7 1136 H 
11.0 'l. 5 ~ ~ 0,36 0 o.oo 0 0,00 2 11.5 J.l30 10 
12.0 !i.O 5 5 o. ~2 0 o.oo 0 o.oo 2 5.2 1.123 56 
lJ.O 5.G 7 7 0.5~ 0 0.00 0 0,00 3 5.0 111'1 G3 
1~.0 6,1 9 9 O,G1 0 0.01. 0 0.00 4 G.5 11.1.1 70 
15.0 G.'/ 13 13 0.07 1 0.07 0 o . oo 5 7,5 HOG 75 
16.0 7.2 17 17 1.06 2 0.13 0 0.00 G 0.4 11.00 00 
17.0 7.'/ 20 20 1.10 3 0.17 0 o.oo 7 9.2 1095 0~ 
10.0 0,3 25 25 1.3!l G 0,3•1 0 0.02 9 10.1 lO!ll 00 
19.0 o.o 32 31 1. 63 12 o.Gl 1 O,OG 10 11.0 1007 09 
?.0.0 9.3 30 3'1 1.05 17 0,05 2 0.09 12 11,0 1003 91 
21.0 9.0 l) tl •13 2.05 2?. 1.07 3 0.12 13 12.5 1000 !l3 
22.0 10.3 51 50 2. 2'/ 30 1.36 G 0,29 15 13.3 1077 !l•l 
23,0 l.O. 0 59 50 2.52 39 J.. 6!l 12 0,53 J.7 11.0 1.075 95 
2.].0 1.1.2 G1 GG 2.75 •10 1. 90 10 0.75 J.O 11.7 1.073 !lG 
25.0 l.J..7 75 7~ 2. !lG 56 2.25 21 0.95 20 15.3 l.071 97 
26.0 12.?. 01 03 3.19 GG 2.52 31. l.21 21. 15.9 1069 91 
?.7.0 J.2,G 95 91 3,10 1G 2,03 13 1.59 ?.:l 1G.5 1.060 90 
20,0 J.J,O lOG 105 ], '/5 0'/ 3 .ll 5~ J.. !>3 21 17.0 l0G7 !>0 
29,0 1.3.5 11'/ ll.G ~.00 90 3.3G G5 2,25 26 17,6 1066 90 
30,0 1.3.9 1.?.'/ 126 4.20 100 3,59 7G ::L53 27 10.0 1.065 90 
Jl.U l~.J 130 137 4.~2 119 3.03 00 2.05 29 10,5 1065 90 
32,0 IA,7 150 JA9 4,66 130 •I.OG 101 3.17 30 19 , 0 10G5 !>9 
33,0 1.5.0 lG1 160 ~.05 JA1 •1. 26 114 3,16 31 19.1 10G5 99 
31.0 1~ '11 1.72 J.70 5.00 151 ll,ti!i 1?.7 3,72 33 19,0 106•1 99 
3!L 0 1.5. 0 l.OJ 101 5.17 J.G2 4.62 139 3' !lG 34 20.2 1061 . 99 
:JG,O J.6,l 1.93 l!l?. 5,33 1'12 •1. 7'1 151 1.10 :J5 20,6 10G•I !>!> 
:17 .o 16.5 20~ 202 !j, 46 102 1,93 1G2 ~' 39 3G 20,9 J.OG1 !J!> 
:w .o lG,U 21.5 213 !i,Gl 19?. !LOU 17~ t),57 37 21.1. 1.06•1 100 
3!) , 0 17 .?. ?.?.5 223 !L 72 202 !i .19 1115 ~. 7•1 30 21.•1 1063 100 
•10.0 1'/,5 235 233 ' 5,02 212 !LJO 1!JG •1. 09 39 
21. ., lOCiJ 100 
~J..O l.7. 0 2tl5 243 !i. !Jl ?.21 !i .40 206 5.03 10 21.9 1063 100 
~2.0 1.0,1 25t1 253 G.02 ?.30 5.~9 ?.16 !3.15 ~1 ?.~.1. 106J 100 
~3.0 10.4 26•1 262 6,09 ?.•10 !),!37 22G 5.26 4?. ?.?. • ~ 10G2 J.OO 
44.0 l.O ,'/ 273 272 6,J.U 2•19 5,65 ?.3G !L 35 4?. ?.?..G 10G2 100 
45.0 1.9.0 202 201 G.21 250 5.72 ?.45 5. 4~ 43 ?.2.0 10Gl 100 
•16,0 19.?. ?.!lJ. 290 G.30 266 5,79 251 !).52 ~1 ?.3,0 10Gl. 1.00 
47,0 J.9.!i 300 290 G.34 274 5.0tl 2G3 5.59 ~5 23.2 1.061 100 
•10.0 J.9.0 300 307 G.<IO 203 5,09 ?.71 !j. G!) t]!) ?. 3.3 ).060 J.OO 
56 
~9.0 20.0 31G 315 G.~3 291 !l. 93 200 5. 71 •16 23.!; J.OGO J.OO 
50.0 20.J J25 37.•1 G. ~0 299 5,!)0 200 '.l . TI n 23 .. , 1.059 100 
51.0 20.5 33•1 332 G,!H 307 G.03 29'/ !L OJ n 23 , 9 1.057 100 
52.0 20.7 3•12 31)1 G,5G 316 G,O'/ 305 5,0'/ •10 2•1' 1 lOSG 100 
~3.0 21.0 350 319 6.50 32•1 G. 10 3H 5.92 19 2~.2 10~5 100 
!)1],0 21.2 350 357 G.Gl 331 li, 13 322 5.96 19 2•1.1 105•1 1.00 
55.0 21.1 3GG 3G5 G.G1 339 G. 1G 329 5.99 50 2•1. G 1053 100 
!j(),O 21.6 3'/~ 372 G,G~ 31G G,lO 337 6,02 50 2•1. '/ 1052 100 
.sJ__Q_ 7 'tilL wn JiJil -'" (\ ?(l '1. ~1 ,, .liM "I .--.2..!Lil - ..1.1l5.L Jll.O. 1 ?O.o ?.2.0 300 307 6.67 3GO G.21 351 G,OG 52 25,0 1050 1oo 1 
59,0 22.2 39•1 393 G. c;·r, 3GG 6.21 350 -G.iit 52 25.1 'fo~o- 100 
GO.O 22.~ •101 390 6.G3 37?. G. 20 3G1 G.OG 52 25.2 10~5 100 
Gl.O 22.6 •107 •10~ G,G2 3 '/0 G. 19 370 6.0G 53 25.~ 10•13 100 
G2.0 22.0 1\12 •110 G.G1 303 G,10 375 6.05 53 25.5 101\1 100 
63.0 23.0 •110 •115 6.5!> 309 G.17 301 G.OS 53 25.6 1030 100 
61.0 23.2 •12~ •120 6,56 3!>•1 6.15 306 6,01 !i1 25.7 1036 100 
65.0 23.3 ~29 126 6.55 399 G.V1 3!>2 6.03 5•1 25.0 103•1 100 
GG,O 23.5 13~ •l31 6.53 ~0·1 G. 12 397 6.01 5 1  25.9 1032 100 
67,0 :n. 1 110 •136 G.51 •109 G,10 •102 G.OO 55 26.0 1030 100 
60.0 23.0 415 •140 G. 41 11•1 G.OO •107 5,99 55 26.1 1.020 100 
69.0 21.0 450 •1•15 G. 45 1)10 G.OG H2 5.97 ~5 26.2 102G 100 
70.0 ?.1.1 455 451 G. 1•1 12•1 6,05 410 5.96 56 26.3 1023 100 
71.0 21.3 161 ~56 6.12 429 6.05 123 5,96 56 26.1 1020 100 
72.0 21.~ 1G7 162 G. •12 1}35 6.03 429 !i.95 56 26.5 1017 100 
73.0 24.6 •1'12 4G7 G. 40 440 6.02 •134 5.94 57 26.7 1015 100 
74.0 24.7 470 472 G. 30 1)115 6.01 439 5.9'1 57 26.0 1012 100 
75.0 24.9 403 477 G. 3G 150 G.OO 1)11•1 5.92 57 26.9 1010 100 
76.0 25.0 400 •102 6.34 1)55 5,90 4 49• 5,91 !)0 27.0 1007 100 
77 .o 25.1 491 •10'/ 6,32 159 5.96 454 5.90 50 27.1 1005 100 
'/0,0 25.3 499 491 6.29 •1 61 5. 95 459 5.09 !iO 27.2 1002 100 
79.0 25.4 503 49G 6.20 460 5,93 4G4 5.07 50 27.3 1000 100 
00.0 25.5 500 501 G. 26 173 5. 91 460 5,0G 59 27 . •i 990 100 
01.0 25.6 513 505 G. 23 1'17 5,09 473 5,0•1 59 21.5 9% 100 
02.0 25 •. , 510 509 G. 21 •102 !L 0'/ 477 5.02 59 2'/, 6 !)!)3 100 
03.0 25.9 522 511 6.19 106 5,05 402 5,00 GO 27 •. , !>91 100 
04.0 26.0 :.i27 510 G.l'l 190 5, UJ 106 5,'/9 GO 27.0 909 100 
05.0 26.1 532 522 6.14 19 1  5.01 490 5.'17 GO 27.9 905 100 
06.0 26.2 !)37 526 6.12 190 5.19 495 5. '15 GO 27.9 901 100 
07.0 26.3 542 530 6.09 502 5.'17 499 5,13 GO 20,0 977 100 
oo.o 26.4 546 534 6,07 506 5. '/5 503 5.11 GO ?.0.1 973 100 
U!J.O 2G. 5 551 530 G,O•I 510 !). 73 507 5. 70 61. 20.2 %9 100 
!>0.0 26.6 556 542 G,02 51 1  5.11 511 5,GO 61 20.3 965 100 
91.0 ?.G. 7 560 546 6.00 517 5, 69 515 5,66 GJ. 20. •I 961 100 
92.0 26.0 5G5 550 5.90 521 5. GG 510 5,G1 G1 20.5 !)51 100 
!)3.0 26.9 5G9 553 5.95 525 5. G•l 522 5,61 61. ?.O,G 954 100 
9•1.0 ?.7.0 571 557 5.93 520 5.62 526 !i,59 61 
?.0 •. , 950 100 
95.0 27.1 510 560 5.09 532 5, GO 529 5.57 61. 20.7 9n 100 
96.0 2'/, 2 502 564 5,00 535 5,57 533 5,55 G?. 20,0 9•13 100 
97.0 21.3 !iOG 567 5.05 530 5.55 536 5,53 62 20.9 940 100 
90.0 21.1 590 510 5.02 54?. 5.53 540 5.51 G?. 29.0 936 100 
99,0 27.5 591 5711 5,00 545 5.50 543 !;, 49 62 29.1 933 100 
J.OO,O 27.5 590 577 5.77 5 110 5.10 546 5.46 G?. 29.1 930 1.00 
------··--···-----------------··------------------··---------------------- -----------··-----····-····-· ----
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1\GEIICY 
L'I\OJEG'l' 
S'l'I\ND 
l!lne sr 21..1'lp 
1-10~' llcsoaJ:ch IIJ:illlc h 
NBI\ I.'J:ojccl: 
1·1<11.' l.G/7.010 
'l'li?SY Vo1:sion •I, ld 
SIIIOEK Vorslon 1.47. 
GI!:OGilli[>JI'f: l!dnce Goorgo/l?l.'inco Goot·ge/SUS/10~ Slope 
llS'rliUT,ISIJI.JEI·I'r: f\ogon delay ~ 0; 'l'ill:gct Oonslty ~ 1 200 tJ:ecs/ha (L'lantc<l) 
SI!I':CIIlS 
100~ LOOGEL'OLE I!IN~; Site Index ~ 21,00 
Sito curve: '''l'hl'OI'ICJ.' (199•1) 
•rop fll: 0 l>h nCJe 50 (Ill) ~ 21.00 (base) 
Stocl< ht = 13cm 
111\f\VES'l' SUI·II·II\1\Y 
I 
l'l'II?SY 'fop 
I llgo lit 
I (yt·) (nt) 
I 
I 
I 1-11\X 
I (m3/ha) 
Site 
Value 
($/ltn) 
NL'V 
($/ha) 
Clt·lax !-lean lin Inc (1·11\l) !?hysical notntJ.on: 
_s_taru) lnfr . .r,n.Jl 22 . 0 rw.-, j j ua~:vest-DDII 12. 5·1· 50.0 22.0 G.21 OH '/54 
lliil:vest - 1>01r 1'1. ~+ !>!l.·u . ~2~i • b.Ub 
OHaK Site Value (SV) Economic 1\otatl.on: 
lla~:vest DBfl 12.5+ 52.0 20.'1 6.07 907 709 
58 
Volume 
(1113/ha) 
max 1·11\I 
307 
3GO 
350 
mux sv 
31G 
Jlacvost 
no venue 
($/ha) 
4136?. 
355119 
Conversion 
Cost ,TODS 
($/ha) (l'D/ha) 
24•14'1 Gl. I} 
21913 45.3 
f!f,G 
1\GE: NC:Y 
1'1\0JEC~' 
L'in o SI 21.. 'l' lp 
Hm' lteneal:cll ll l."u ne h 
1·101\ l' l:o jcc l: 
l·lu>: lG/2010 
•rii?S'l Vo1:s i o n ~.lei 
SHIDill< Ve 1:s ion 1 . •12 
!l 'l'I\ND 
GEOGlll\l.'ll'i: rdnco Geo t·go/L>dnco Gool:g a /SIIS/ 10\\ Slope 
i::!;'l'/\UI,XSIII-1EII1': Rege n d e l a y ~ 0; •ra ~gel: Dons l.ty = 1 200 l:l."oo!l /ha (Planted) 
SP8CT.Il S 
100\': LODGI!! L'OI.I!! I? HIE:; SJ.te I ndo !( = 21.00 
Silo CU ): V e : 1•'l'hl."01·/er (19!)<1) 
•rop lit 0 l.Jh 11 ~ o 5 0 (h>) .. 21.00 (buoo ) 
Stocl~ hi: a lJe m 
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LUI·IOEI\ r, Cflrt'S 'l'l\llf,R 
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'ril'S Y 
1\ge 
(yt·) 
1'op 
li t 
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chip" 1 I Lunwor 
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1!J , O 
20 . 0 
n.o 
?.2.0 
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2~.0 
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?.G.O 
27 . 0 
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35.0 
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30 . 0 
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404G3 
50043 
5:ll.6?. 
55422 
57G?.G 
597"11 
o.o 
o.o 
u.o 
o.o 
0 . 0 
o.o 
o.o 
0,0 
o.o 
0.0 
o.o 
o.o 
0.0 
o.o 
G.5 
G.5 
G.ti 
G. 5 
35.1 
5l,G 
57.5 
GO.~ 
79.7 
99.~ 
1l.l. 6 
ll.9. 0 
1?.9 . 3 
l~l.. 3 
150.2 
157.0 
lG?..~ 
167.3 
171.6 
1'/5. 2 
170.1. 
100.6 
103.G 
l.07.l. 
190,?. 
193.0 
195 .•1 
l.97.G 
199 . 7 
?.02.2 
20~ , •I 
ZOG,•I 
?.OO.J 
210.0 
2 l.l .5 
•19.0 20.0 !.i2 ~0375 JX/09 JU 371 61075 ?.12. 9 
50 , 0 20.3 53 ~9354 13'/49 440 575 6<1124 21'1. •1 
51.0 ?.0.5 ti•l 50300 HG04 55J 7"1•1 GG3l.O 
215.7 
52 . 0 20 . . , 56 51230 15597 G55 9GO 60~57 216.9 
53.0 ?.l. .o 57 52H6 16400 •t5•1 115'/ 7054•1 
210.0 
5 1 .0 21.2 50 53032 l'/356 051 13oll. 72501 219.1 
55.0 21.4 59 53096 10204 946 1522 74560 
220.1. 
56.0 2!.,6 GO 54739 19031 1030 1G97 7G50'/ 
?.21..0 
I ~~ : 6 ?i ,.1} JJ!. --- -'.!~t.~·t;~ - t!lQ"!l" - !!2!" !'Jt:!" -?IJJ!"~ ~~u , 22,0 62 56360 20502 1217 2055 00223 
!J~ . u --.<7. 7 .!. ' bj !J lbj llUbJ J . .:SU 11 l JJU Ulll /7. 
L/.J,b 
GO,O 22.4 G3 5'/943 21533 1390 2615 03402 22•1. 4 
61.0 22.6 64 5070•1 2199?. loi7J 20U5 U505tl 
225 .2 
62,0 22.0 G5 59446 22440 155•1 3149 06590 
22G.O 
63,0 2::1.0 66 60171 22070 1.634 3407 noon 226.7 
64.0 23.?. GG GOOOO 23305 1712 3659 09557 
2?.7.•1 
65,0 23.3 G'J G1573 23724 1700 3905 90909 220.1 
. GG.O 23 .5 GO 622•19 24132 lOG?. 41•16 92309 
220.7 
G7 ,o 23.7 GO 62911 24531 1934 •1301 93750 229.3 
GO.O 23.0 69 63550 24922 2005 4611 95096 
229.0 
G9.0 24.0 70 G•ll90 25304 2075 ~035 9G~04 230.4 
70.0 ?.4.1 70 MGT/ 25095 2165 52•10 97906 
231 . 2 
71.0 24.3 71 G5135 2G505 ?.25G 5679 99575 232.0 
n.o 24. •I 7?. 65503 2'1101 2345 6101 101130 
232.7 
73.0 24,G 73 66021 27605 2•13?. 6514 102652 233 . 5 
74.0 24.7 73 . 6G450 20256 2517 6910 10<1lotl 
23~.2 
7!LO 2q,9 7~ 66070 20014 2601 7313 105590 ?.3~.0 
76.0 25.0 75 67200 29361 2603 7699 10702•1 
235.5 
n.o 2!>.1 75 67602 29097 2763 0070 1.00•120 236.1 
70.0 25.3 76 60076 30421 20H oq49 109'/07 
236.7 
79.0 25,q 77 60H2 3093•1 2910 0012 111125 
237.2 
00.0 25.5 77 60039 31437 2993 9167 11?.•136 
23'1.0 
01.0 25.G 70 69209 31929 30GG 9515 11377.0 
230.3 
02.0 25.7 70 695'11 32412 3130 9057 11•1970 230.0 
03.0 25.9 79 69926 3200~ 3209 10191 l.l6210 239.3 
0•1. 0 26,0 79 702"14 333n 3270 10510 11'/oJlO 
239,"/ 
05.0 26.1 00 70623 337~3 3350 10900 110695 2~0.3 
06.0 26.2 00 '/0%6 34llG 3420 11<166 119969 2~0.9 
07.0 26 .3 01 71303 34402 3•190 1.19~3 121210 2~1. •I 
00.0 2G.•I 02 7163•1 3~0H 3550 12411 122443 2~2.0 
09.0 26.5 02 71950 35193 362•1 12070 1236~4 2~2.5 
90.0 26.6 02 72275 35530 3690 13320 124022 
20.0 
91.0 26.7 03 72507 35076 375~ 13761 125970 20,5 
92.0 26.0 03 72092 36200 3017 14194 12"/111 
2ol3.9 
93.0 26.9 0•1 73192 36534 30'10 14610 120223 241.4 
94.0 27.0 04 73~07 3605•1 3!139 15035 17.93H 241.0 
95.0 27.1 OS 73775 37167 3990 154•14 130305 
245.3 
9G.O 27.Z 05 7•1059 37475 <1057 15045 131436 245.7 
97 .o 27.3 06 '/4337 37777 otl1ot 16239 132467 246.1 
90,0 27. •I OG 74610 3007~ 4170 1GG26 133400 246.5 
99,0 27,5 06 7~070 303G5 ~225 17006 13<147<1 246,0 
100.0 27.5 0 '/ 751H 30651 q279 1.7370 135~51. 247.2 
-·------------··---------····----------------------------------------------------
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1\GI!:l fC'l t·IO[;' 1\o~oat:c tl llt:11n<:h 
l'l\OJ~C'l' 1 !·lUI\ L'co j ect 
l·fn c 1G/ 20l.O 
'i'IPSY Vot:aion •l,ld 
SHIDBX Vot::l!.on L •12 
S'l'AI-fl) 
GEOGI\1\L'IIY: l'J.'inco Goot:gc/l't: l.nce Goo~go/SDS/10 ~ Slope 
I':S'l'i\OJ,lSIII-IEt-l'l': lleqan d elay .. O; 'l'm:get IJc n:JJ.ty ~ 1.200 tt:ooa/hn (l'lnntocl) 
BI?ECI~S 
100~ LOOGI!:l'OL& L'Hii>l SJ.tc Xnde t< = 10.00 
Site cm:vo: •'rhcmlot: (1994) 
'l'op lit 0 bh age 50 (II\) = 10,00 (haDe) 
Sl:ocf( hi: = lJCIII 
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1·11\NI\GI':D STIIND YII>LD 'r/\0!.1> 
I Volume t·II\I I Voluuu• I 1·11\I I Vol.lm1o I 1·11\T. 01\ I OOflql 'l'llEES I CC I Vol 
1 (1113/hn) I (m3/hn) I (mJ/ha ) I (ntJ/ha) I (1113/lm)) (m3/ha) I (n12/hn) I (em)) (11/ha) I (~) I (mJ 
) ... ......... .. .... .... 1---"·"·"1""""""" ) ........ .. .... 1----- -··1""'"'""""1 "'""""""' 1""'""" 1··· .. ···"-1--··--1··--.. -· 
·rop I I I I I I I I I I I Ct' 
Ill: 1 Gross •rot: all Totul 11-ferch I Horch IHercl1 I He c e ll I I I I 1\l.J. ll·liiK 2 
'l'IPSY 
I\ go 
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o.o 
1.0 
2.0 
3.0 
~.0 
5.0 
6.0 
7.0 
o.o 
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11.0 
12.0 
13,0 
14.0 
15.0 
1G,O 
1.7 .o 
10.0 
19.0 
20.0 
21.0 
22.0 
23.0 
2~.0 
25.0 
26.0 
27.0 
20.0 
29.0 
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31.0 
32 .o 
33.0 
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35.0 
3G .0 
37.0 
30.0 
39,0 
•10.0 
•11..0 
•12 . 0 
tl3.0 
•1•1 . 0 
tl~ . o 
•1G . O 
•17.0 
•10 .o 
0,1 0 
0,3 0 
0.5 0 
0,'/ 0 
1.1 0 
l.tl 0 
1.7 0 
2,0 0 
2.3 0 
2.7 1 
3.1 l. 
3.5 2 
~ .o 2 
•1.•1 3 
tl, 0 5 
5.3 G 
5. 7 0 
G. 2 J.O 
G, G 13 
7.0 1G 
7. 5 19 
7. 9 21 
0,3 2G 
o. '/ 31 
9.1 3G 
9.5 •10 
9. 9 ~5 
).0.3 51. 
10.7 5? 
lJ., 0 <i1 
J.1..1 70 
11..7 7G 
12.1 02 
12, •I !J1 
12.0 99 
13.1 107 
l.3. •I 115 
t:l. 7 123 
1.'1.0 131 
1.'1.3 139 
1.'1. G 1.'10 
J.tl. 9 1!.iG 
J.!i.2 1G5 
15.4 17?. 
15. '/ 100 
1G.O 100 
l.G.?. l!l<i 
1G.5 203 
J.G. 7 2J.J. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
2 
2 
3 
5 
G 
0 
10 
13 
).5 
10 
21 
25 
30 
35 
~0 
11 
50 
5G 
G3 
(i9 
"'/5 
OJ. 
90 
90 
lOG 
114 
122 
130 
130 
1•17 
J.!i~ 
J.G3 
171. 
179 
lOG 
1.9•1 
202 
209 
o.oo 
o.oo 
o.oo 
0,00 
0,00 
o.oo 
o.oo 
o.oo 
o.oo 
0,11 
0.10 
0 . 10 
0,1'/ 
0,23 
0,36 
0,40 
0. 50 
0.59 
0.72 
o. 79 
0.90 
1..00 
1..14 
1. 30 
1.4G 
1.. GO 
1. G9 
J . • 05 
2.00 
2.17 
2,30 
2.4 2 
2.53 
2.73 
?..00 
3,03 
3.17 
3.30 
3.~2 
3.54 
3, G7 
3. '/0 
3,UU 
3,90 
1.07 
1.13 
~.22 
1,30 
1.35 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
2 
2 
3 
G 
11 
15 
19 
2•1 
30 
37 
•1 11 
5 0 
57 
G•l 
72 
00 
00 
9G 
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11.1 
120 
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13Ci 
ltltl 
152 
159 
1GG 
1.7•1 
J.Ol 
1.09 
o.oo 
0.00 
0.00 
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o.oo 
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0.00 
o.oo 
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10 
11. 
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17 
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23 
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29 
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JJ. 
32 
33 
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3G 
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:n 
0,0 
0,0 
0,0 
o.o 
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o.o 
o.o 
1.5 
2.2 
2.0 
3,3 
3,'/ 
1.3 
•1. 9 
5.5 
G.O 
6.G 
7.1 
0,1 
o.o 
9.4 
lO,l. 
10,0 
ll.!i 
12.1 
12,'/ 
13.3 
1.3,0 
14.1 
JA,<) 
15.•1 
15 . 9 
16,3 
l.6,'/ 
J.'l.l 
17.5 
17.9 
10.2 
10,6 
10,9 
19,2 
19.5 
19.0 
20,). 
;!0,•1 
;!O.G 
20.0 
21.0 
11~11 
1195 
1191. 
llU'/ 
llOJ. 
11'/5 
1.170 
11GoJ 
1159 
J.J.51 
l.l.10 
11.12 
1l.JG 
J.l.Jl 
11.26 
l.l.20 
J.l.l.5 
11.10 
l.l.OG 
l.l.02 
J.09U 
1091 
1090 
1000 
1005 
1002 
1079 
1.077 
1076 
1.074 
1077. 
10'11 
10G9 
lOG9 
lOGO 
1067 
lOGG 
1.066 
1065 
106!i 
J.OG5 
J.OGS 
J.OG1 
J.OG~ 
J.OG1 
1061 
1.061 
lOG•I 
l.OG•I 
1 
2 
3 
5 
7 
10 
12 
1•1 
19 
21 
30 
35 
H 
•17 
53 
59 
G5 
70 
71 
70 
02 
OG 
00 
09 
91 
92 
93 
94 
95 
9G 
9G 
97 
97 
!)0 
90 
!)0 
90 
90 
90 
90 
99 
99 
99 
99 
99 
99 
99 
99 
99 
<19.0 1G.9 ?.10 ?.lG ~ ,1]1 l.9G :J.!.l9 177 :J,G2 30 ?.1..2 lOGJ 100 
50.0 1.7. 2 225 22~ •1. ~0 203 1), 05 105 3. '/0 30 21.~ lOGJ 1.00 
51,0 l.'/ , ~ 232 231 1], !jJ 209 •I .ll. 193 3. '/0 39 2l.G 10G3 100 
52.0 1"1 • G ?.3!) ?.30 1) .50 21G •I, 15 200 3.05 ~0 21.0 1063 100 
53.0 17 .o 246 2~~ •1. GO 2?.2 1).20 20"/ 3.91 ~0 21.9 1063 100 
5~.0 10 ,0 253 251 4.65 2?.9 •1.2•1 215 3,97 H 22.1 1063 l.OO 
55.0 1.0.2 259 250 ~.69 235 •1. 20 221 1.02 u 22 ,2 1063 100 
56.0 10. •I 266 ?.G4 ~.71 2H I). 31 220 •1.07 42 22. ~ 1062 100 
!J'I.O 10.6 272 270 I). 71 210 1.31 234 1 .ll. 1)2 22.5 1062 100 
50.0 10.0 2"/0 277 1. 70 251 1.37 211 •1.15 13 22.7 1062 100 
59.0 19.0 201) 203 1.00 259 1.40 ?. 17 1.10 •13 22.0 1061 100 
60,0 19.2 290 209 1.02 2G~ •1.12 253 •1,22 ~·I 23.0 1061 100 
G.t.O 19, •I 296 295 1.0~ 271 1. •11 259 1. 2•1 •1•1 23.1 lOGl l.OO 
62.0 19.G 30?. ~00 ~.01 276 •1.16 265 •1. 2"/ ~5 23.2 lOGO 100 
63,0 19 . "/ 30 '/ ~OG •1. OG 202 1 ,1"/ 270 1.29 115 2J.J lOGO 100 
61.0 19.9 313 :Jll ~.OG 207 1. 1)0 276 1.31 16 23.•1 lOGO 100 
G5.0 20.1 310 317 1),00 292 4,50 201 •1.33 iJG 23.G 1059 100 
66,0 20.2 32•1 323 ~.09 290 tJ .51 207 •1.35 47 23,7 1059 100 
67.0 20. •1 329 3?.0 •1. 90 303 4.53 293 •1. 37 17 23.0 1050 100 
GO.O 20.5 335 334 •1. 91 309 4.51 ?.90 4.39 10 23.9 1057 100 
69.0 ?.0.7 310 339 •1. 91 31•1 ,1.55 30•1 4 .•10 ~0 2•1. 0 1057 100 
70.0 20.0 346 311 1.91 319 4.56 309 1.41 40 21.1 1056 100 
71.0 21.0 351 319 •1.92 32~ •I, 56 3lol •1.12 19 ?.•1. 2 1055 100 . 
72.0 21.1. 356 35•1 1. 92 329 •I, 57 319 •1.13 19 21.3 1055 100 
73.0 21.3 361 359 1. 92 33~ 1.57 321) •1.•11) 19 2~ .•1 . 105•1 100 
1
?.t n - ?I A 1hfi "\(.,, 4 C)? ·no ,, 'i.2 _ 1!.----A , - - ~(L - ~4. ,, .1. 4JIJ~ i~~ 75,0 21.5 370 369 4.92 3~3 . 1.5"/ 33•1 1);15 50 2•1. G 1053 
Ill.\) ~ :t:"'l , :; J/J •I. -J~ I 11 7 ~1 :nu 1) : IJ!J ~1- - :liJ7 '1 1U52 10tJ 
"17. 0 .21.0 300 370 1.91 352 1.57 313 ~-~5 51 21.0 1052 100 
70.0 21.9 304 302 •1. 90 356 1. 5"/ 317 4. •15 51 24.9 1051 100 
79.0 22.0 300 307 1. 90 360 4.56 352 4.45 52 ?.5.0 1050 J.OO 
00.0 22.2 392 390 4.00 364 4.55 355 4. •11 52 ?.5.1 1049 100 
01.0 22.3 39G 391 4.06 367 1.5~ 359 •1. 43 52 25.1 10.J7 100 
02.0 22, •I 399 397 4.01 371 1.52 363 1.12 52 25.2 1046 100 
03.0 22,5 403 401 •1.03 374 4.51 366 1.41 52 25.3 10H 100 
0•1.0 ?.2.6 •107 104 1.01 370 1.50 370 1.40 53 25,r) 10•13 100 
05.0 22 .7 110 107 4.79 301 4.40 373 •1. 39 53 ?.5.1 lOU 100 
OG.O 22.0 113 111 1.70 301 •1. 47 376 •1. 3"/ 53 25.5 10•10 100 
07.0 22.9 H"/ •11•1 1.76 307 4.15 300 1),36 53 25.6 1039 100 
oo.o 23.0 120 •117 1.71) 390 •1.11 303 1.35 53 25.6 1037 100 
09.0 23.1 423 420 1.72 393 •1. 42 JOG •1.34 51 25.7 1036 100 
90.0 23.2 426 123 ~.70 396 1.40 309 1.32 5•1 25.7 1035 100 
91.0 23.3 429 126 4. GO 399 1.39 392 1.31 54 25.0 103~ 100 
92.0 23.1 132 ~29 1.66 102 4.37 395 •1.29 51 ?.5.9 1032 100 
93.0 23.5 435 •132 •1.65 105 1.35 390 1.20 54 25.9 1031 100 
94.0 ?.3.6 130 •131 1.62 100 1.3•1 401 1.26 55 26.0 1030 100 
95.0 ?.3.7 1H •137 1.60 410 4.32 104 •1.25 55 ?.G.O 1029 100 
96 . 0 23.0 111 •110 4.50 413 1.30 •lOG •1. 23 55 26.1 1020 100 
97.0 23.9 4o!7 142 1.56 116 1.29 109 •1. 22 55 26.1 1027 100 
90.0 21.0 419 •lt15 4.51 .JlO 4.27 .Jl?. •1.20 55 26.2 1026 100 
99.0 21.1 153 110 4.53 121 4.25 115 •1.19 55 ?.G.J 1.024 100 
100,0 24.1 456 451 4.51 •12•1 •1.?.1 110 •I. J.O 56 2G,J 1023 100 
-·-· ·- ---------·· - -- ----··- ·· - ---··- ··---- - - ~····· ··- ---·--------- ·· -· · ····· · ··------· ----·--- - .. ····-····----··--····------··-
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FILE: 
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